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PREFACE TO THE SIXTH EDITION.

Following an old definition, which can hardly be bettered, a

book on the metallurgy of gold should give an account of the

extraction of gold from its ores and of adapting it for use. The

book ' would then be useful to students and to metallurgists

engaged in their profession. The most important function, however,

which a book on metallurgy has to fulfil is to help those who are

taking part in attempts to improve the existing practice. Progress

in metallurgy depends on the capacity of metallurgists to apply

their knowledge of physical science and engineering to the problems

presented to them, and in this they are aided by a full understanding

of the causes of the phenomena which they observe.

Hence, in addition to making an attempt .-to give, in as few

words as possible, a complete picture of present practice, my aim

in this edition lias been to give full and accurate information as

to the properties of gold, its alloys and compounds, and of the

bearings of these on the work to be done. This has involved

the rewriting of much of the work and a great expansion of

certain sections corresponding with the rapid advance of science.

References to the sources of information are added in every case,

to enable the reader to consult the original memoirs if lie desires

to do so.

A summary of the present general position in the working of

j)lacers, ore dressing, stamp milling and the cyanide process is

given, witli references to the lengthy treatises expressly devoted

to each of these subjects. Some account is included of the treatment

of gold ores in particular mills or districts, but this depends in

great measure on local conditions and is best dealt with in

separate text-books, such as the excellent one on Band Metal-

lurgical Practice. The chapters on the refining of gold and on
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assaying will, I trust, be found of value. Much care has, in

particular, been devoted to the discussion of the electrolytic

refining processes. Throughout the volume more attention is paid

to the principles underlying practice than to the details of the

machines employed, although descriptions are given of a number

of machines which are typical of their class.

In the preparation of a portion of this edition I have been

aided by my colleague, Mr. W. A. 0. Newman, A.B..S.M., B.Sc.,

whose help has been specially useful in passing the work through

the press. I am also indebted to many correspondents whose

kind assistance has, I believe, been acknowledged in every case

in the text, and last, but not least, to my publishers, who, with

their usual thoroughness, have reset the work throughout on

a larger page so as to compass in handy form the greatly

extended text.

T. K. ROSE.

September, 1915 .
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THE METALLURGY OF GOLD.

CHAPTER L

THE PHYSICAL AND CHEMICAL PROPERTIES OF GOLD.

Introduction.—^From very early times the ancients were attracted by the

beautiful colour, the brilliant lustre, and the indestructibihty of gold.

Prof. Gowland points out ^ that on account of its wide distribution in

the sands and gravels of rivers, and its distinctive appearance, it must have

been the first metal to attract the attention of prehistoric man in most regions

of the world. He also observes, however, that it could not have been used

even for ornaments until the art of melting had been invented, and this could

hardly have happened until man had passed the Stone Age culture and

entered the Bronze Age.

No objects, he says, consisting of gold have been found with undoubted

Stone Age remains. The earliest mining and metallurgical operations of which

traces remain were those carried on in Egypt in dealing with the ores of gold.

“ The ancient mines' are scattered over Upper Egypt, Nubia, and the Sudan,’'

and consist of shallow pits in detritus, and trenches and shafts in hard rocks.

The ore was broken by stone hammers, ground in stone mills or querns, and

treated on inclined stone tables, on which the particles of rock were washed

away from the gold. Shallow earthen dishes were used for the final washings,

and the residual gold was melted with purifying fluxes in crucibles and cast

into ingots. Remains of all the implements have been found, but their exact

age is doubtful.^ >

Among the pictorial rock carvings of Upper Egypt there are several

illustrations of the gold-extraction processes mentioned above. The earliest

indications appear to be certain inscriptions on monuments of the Fourth

Dynasty (4,000 b.c.), depicting gold washing.® Certain stele of the Twelfth

Dynasty (2,400 B.c.) in the British Museum (144 Bay 1 and 145 Bay 6) refer

to gold washing in the Sudan, and one of them appears to indicate the working

of gold ore as distinguished from alluvial.^

Ill the code of Menes, who reigned in Egypt in 3,600 b.c, or about 2,000

years before Moses, the ratio of value between gold and silver is mentioned,

one part of gold being declared equal in value to two and a hah parts of

silver, and it is, therefore, clear that the extraction of both metals from the

deposits containing them must have been carried on before that time. A
gold bracelet found by Petrie on the arm of the queen of King Zer, successor

of Menus, takes us back,” almost as far, “ whilst a small ingot of gold found

^ Gowland, J. Anthroj^. Imt, 1012, 42, 252-202.

® Wilkinson, The Amient Mf/iipthms (London, 1874), vol. ii., p. 187.

^ Hoover, Trandation of A(jricola (London, li)12), p. 270.

1
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by Quiball in a prehistoric grave at El-Kab demands an even more remote

date ’’ (Gowland).

In somewhat later times, in the collection of alluvial gold, the sands were

washed down over smooth sloping rocks by means of running water, and the

particles of gold, sinking to the bottom of the stream, were entangled and

caught in the hair of raw hides spread on the rocks. Among the hides used

were sheepskins, and hence originated the form of the legend of the Golden

Fleece. Stripped of its heroic dress, this legend merely describes a successful

piratical expedition about 1200 b.c. to win gold, which was being laboriously

obtained from streams with the help of sheepskins or goatskins by the inhabi-

tants of what is now Armenia. Similar expeditions have not been unknown
in much later times, and the method of obtaining gold by washing river

sand is still practised, with improvements in matters of detail, in many parts

of the world. Metallurgists are almost proverbially conservative in their

methods. Hides are even now occasionally employed to catch the gold, but

sheep’s wool, when used, is generally in the form of blankets.

At the present day, however, when auriferous sands are washed, the aid

is also invoked of what Baron Born called in 1786 the “ elective affinity
”

of mercury for gold when mixed with impurities. The ease with which gold-

amalgam can be collected, in spite of its being less dense than gold itself,

is due to the fact that it is wetted by mercury.

In the history of gold, it is also of interest to the metallurgist to remember
that the earliest dawn of the science of chemistry was heralded by the study

of the properties of gold, and by the efforts which were made to invest other

matters with these properties. From the fourth to the fifteenth century,

chemistry, which was first called “chemia ” and then “alchemy,”

was defined as the art of 'transmuting base metals into gold and silver, almost

all the labours of philosophers being intended to aid directly or indirectly

in solving this problem. At the end of this period, while Paracelsus was
giving to chemistry a new aim—^that of investigating the composition of

drugs, and their effect on the human body—^Agricola was reducing to order

the numerous empirical facts which together made up the art of metallurgy,

and although alchemy died hard, its era of usefulness may be said to have

ended here. Gold has doubtless been the cause of many of the wars and
marauding expeditions from which the world has suft’ered, but on the other

hand it has been instrumental, in a far greater degree than most other com-
modities, in promoting the growth of civilisation, the efforts of the alchemists

having laid the foundations of the science of chemistry, and those of the

gold-seekers having resulted in the discovery of new countries, and in the

spread of knowledge of all kinds.

For further notes on the history of the metallurgy of gold, see Chapters

VII., Ore Crushing
;
XIV., Chlorination

;
XV., Cyanide Process

;
XVIIL,

Refining
;
XIX. and XX., Assaying

;
and XXL, Statistics.

Colour.—The lustre and fine colour of gold have given rise to most of the

words which are used to deziote it in different languages. The word “ gold ”

is probably connected with the Sanscrit word jvalita,'' which is derived

from the verb '' jval,'' to shine. It is the only metal which has a yellow colour

when in mass and in a state of purity. Impurities greatly modify this colour,

small quantities of silver lowering the tint, wliile copper raises it. In a finely

divided state, when prepared by volatilisation or precipitation, gold assumes
various colours, such as deep violet, ruby and reddish-purple, the tint varying
to brownish-purple and thence to dark brown and black. This purple colour
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has been supposed by some experimenters (viz., Guyton de Morveau, Buchner,

Desmarest, Creuzbourg and Berzelius) to be due to the formation of a coloured

oxide of gold of unknown composition, but Buisson, Proust, Figuier and,

more recently, Kriiss have shown that no oxygen can be obtained from this

•coloured material, and that it probably consists of metallic gold. Similar

colours are seen in Purple of Cassius, and in Eoberts-Austen’s purple alloy

•of aluminium and gold, the colour in each case being probably due to a

particular form of finely divided gold. “Faraday’s gold,” a ruby-coloured

liquid prepared by the action of phosphorus dissolved in carbon bisulphide

or in ether, or of formaldehyde on a cold dilute solution of chloride of gold,

is a solution of colloidal metallic gold in water.^ Faraday used a solution

containing 0-6 of a grain of gold in a quart in preparing ruby gold. For further

•details as to colloidal gold, see Chap. III. Finely divided gold gives a faint

blue tinge to light transmitted through the liquid in which it is suspended. The
:surface colour of small particles of native gold is often apparently reddened

by being coated with translucent films of oxides of iron. Very thin films

•of gold are translucent, and appear green by transmitted light, while remaining

yellow by reflected light. On heating, the green colour changes to some shade

between ruby-red and violet, or disappears entirely owing to the breaking

up of the continuous film into a network of metal through which white light

passes. The green colour is restored by burnishing.^ Molten gold is green,

and its vapour is greenish-yellow.

Malleability and DuctiUty.—^Malleability and ductility are possessed by
gold at all temperatures to a far higher degree than by any other metal. A
single grain of gold can be drawn out into a wire over 500 feet long, and leaves

of not more than of an inch in thickness can be obtained by beating.

Faraday has shown that the thickness of these leaves may be still further

reduced by floating them in a dilute solution of potassium cyanide, by which
they are partly dissolved. Annealing is advantageous during the cold'working

•of pure gold, but the temperature required is low, so that the gold beater’s

skin is uninjured.

Hardness.—Gold is softer than silver and harder than tin. Its hardness,

according to Auerbach, is 2*5 to 3*0, and according to Eydberg 2*5, in the

.scale in which the diamond is 10 and talc 1.^ The hardness of pure gold,

however, like that of other metals, varies with its physical condition, as

follows :
—

^

Cast,

Hammered or rolled,

Annealed,

Ludwik’s Cone
Machine.

22

60-65

25

Shore’s Scleroscope
Magnifier Hammer.

4*5

30-35

6

The scales are not the same. In the Ludwik scale, lead is 4*5, and quenched
.steel containing 0-9 per cent, carbon about 260. In the scleroscope scale,

lead is 2 and steel about 175.

Tenacity.—According to Eoberts-Austen,® pure gold when cast breaks

1 Faraday, Phil. Trans., 18.57, p. 145; Zsigmondy, LieUg^s Annalen, 1898, 301
, 29, 361.

2 Faraday, loc. clt. ; G. T. Beilby, Proc. Roy. Soc., 1903, 72 , 220; T. Turner, iYor. Roy.
.Soc., 1908, A, 81

,
301.

^ Landolt’BornsteiiCs Tabellen, 1912, pp. 55-50.

4 T. K. Rose, J. Inst of Metals, 1912, 8, 86 ; 1913, lO, 150.
® Roberts-Austen, Phil. Trans., 1888, I79s 339.
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with a load of 7 tons per square inch and an elongation of 30-8 per cent, on

a test piece 3 inches long. In Landolt’s Tabellen/ the elastic limit of hard-

drawn gold wire is given as 14 kilos, per square mm. (8-9 tons per square

inch), and its tensile strength as 27 kilos, per square mm. (17*1 tons per square-

inch). The tensile strength of annealed gold is 10 kilos, per square mm.
(6*3 tons per square inch).

Specific Gravity.—^The specific gravity of gold is about 19*3. When cast

it is liable to contain cavities, by which the density is diminished, and after

compression the density is again higher, although it is not supposed that

the true specific gravity can be increased in that way. G. Rose (in 1848)

gave the density at 17*574:° {i-e., gold at 17*5° compared with water at 4°),

as 19*28 to 19*31 when cast, and 19*31 to 19*32 after compression. Stas,

gave cast gold 19*2860, after compression 19*3056. Roberts-Austen and
Rigg ^ gave cast gold 19*2945, after compression 19*3203, at 0°/4°. The
specific gravity of rolled sheet gold at 074° is 19*2965,^ that of soft annealed

wire at 2074° is 19*26, and of hard wire 19*25.^ When crystallised from

solution the specific gravity is 19*431.^ Henry Louis has shown ® that the

specific gravity of unannealed “ parted ’’ gold {i.e., the residue left after

boiling silver-gold alloys in nitric acid) is 20*3, its density being lowered by
the process of annealing. When precipitated by ferrous sulphate, its density

may be as high as 20*72 (G. Rose). The specific gravity of gold when pre-

cipitated from solution by oxalic acid is 19*49 (G. Rose).^

Taking the density of pure gold at 19*3, then

1 c.c. of pure gold weighs 19*3 grammes or 0*6205 oz. troy..

1 cubic inch weighs 316*25 grammes or 10*168 ozs. troy.

1 cubic foot weighs 546*485 kgrms. or 17569*9 ozs. troy.

The volume of 1 kilogramme of gold is 51*81 c.c., or 3*162 cubic inches.

, „ 100 ozs. troy is 161*16 c.c., or 9*835 cubic inches.

„ 1 ton avoirdupois is 1*86 cubic feet.

Cohesion.—On heating, gold can be welded like iron below the })oint of

fusion, and finely divided gold agglomerates on heating without being sub-

jected to pressure. Pressure alone is also sufficient to make gold dust cohere,

while a true flow of the particles of gold can be induced in the case of the pure
metal and some of its alloys.

Specific Heat.—The specific heat of gold is 0*0297 between — 188° and
-h 20°, 0*03103 at 18°, and 0*03114 at 100°.7 It is 0*0345 at 900°, and 0*0352

at 1,020° (VioUe).

Fusibility.—Gold fuses, after passing through a pasty stage, at a clear

cherry-red heat, just below the fusing point of copper and much above that
of silver. The metal expands considerably on fusing, and contracts again
on solidifying. The freezing point was given by Berthelot as 1,064°,® by
Day and Sosman as 1,062*4°,^ and by Jaquerod and Perrot as 1,067*2°.^^^

^ Op. cit., p. 54.
2 Roberts-Austen and Rigg, Seventh Ann. Report of the Mint, 1875, p. 44.
3 T. K. Rose, J. Inst, of Metals, 1912, 8 , 111.

Landolt-Bor7idein'’s Tahellen, 1912, p. 104.
® Louis, Trans. Am. Inst ofMuf/. Eng., Chicago Meeting, I89;>.
® G. Rose, Fogy. Anncden, 1848, 73 , 1

; 1848, 75 ,
40:-).

^ Landolt-Bornstein's Tahellen, 1912, 751.
® Berthelot, Compt rend., 1898, 126, 473 .

® Day and Sosman, Aim. Phys., 1901, 4,
[iv.], 99 .

Jaquerod and Perrot, Landolt-Bornsteirds Tab., p. 194.
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Latent Heat.—The latent heat of fusion of gold is 16*3, and the normal

lowering of the freezing point for 1 atom of impurity in 100 atoms of gold

is 10*6°.i

Magnetism.—Gold is diamagnetic, its specific magnetism being 3*47

(Becquerel), if that of iron is taken as 100. Hanriot and Eaoult ^ give the

magnetic susceptibility of pure gold as not less than — 0*234 x 10"®.

Conductivity and Expansion.—Its electrical conductivity is 45*5 x 10^ at

0°, that of silver being 68*12 x 10^, and that of copper 64*06 x 10^ (Dewar

and Fleming). Its coefficient of thermal conductivity, K, is 0*7003 at 18°,

that of silver being 1*006 (Jaegar and Diesselborst). Its coefficient of linear

•expansion is 0*0000144 between 0° and 100° (Fizeau).

Atomic Weight and Volume.—Its atomic weight is 197*2 compared with

oxygen = 16*00. The atomic volume of gold is 10*2.

Spectrum.—In the gold spectrum Huggins saw 23 lines. Mr. J. S. Clark,

working under the direction of Prof. A. Fowler, has kindly taken new photo-

graphs of the spark spectra of gold, two of which are reproduced in Figs. 1

and 2. In Fig. 1 the spectrum of pure gold, which had been prepared at the

Royal Mint, is compared with that of gold 999*96 fine, containing 0*04 per

1,000 of impurities, most of which probably consists of occluded gases. No
difference was detected between the spark spectra of the two specimens.

In this case the spark spectra were taken in air with self-induction, in series with

spark gap, to suppress air lines. In Fig. 2 the arc spectrum of pure gold (as

above) and that of iron are compared. In each case the spectra are slightly

overlapping for comparison. In the part of the spectrum shown (wave length

4,500 to 6,500 /A'-^), it will be seen that there are 13 principal lines in the

gold spectrum, the wave lengths of some of these being 4,488, 4,608, 4,793,

4,812, 5,065, 5,231, 5,656, 5,835, and 6,276 respectively. There are many
other hnes of shorter wave length down to about 2,300 given by the

gold spark both in air and in hydrogen.®

The Position of Gold in the Periodic Classification.—In Mendeleeff’s Periodic

Table gold occupies a position in the fourth long period, and among the “ B ”

members of Group I. The “ A ” members of this group comprise the alkali

metals, the companions of gold in the “ B ” series being silver and copper.

'The oxide type is RgO, corresponding in the case of gold to aurous oxide,

AugO.
Table I. shows the relative positions of gold, silver, and copper to the mem-

bers of Group II., and also to the metals of the transition series in Group
VIII.

It will be noticed that gold stands in the same relation to the heavy metals,

osmium, iridium, and platinum, as silver and copper do to the two preceding

series, forming a connecting link between the heavy metals and mercury,

just as copper is a link between the iron metals and zinc, and silver between
the palladium, rhodium, ruthenium series and cadmium. Like osmium,
iridium and platinum, gold is dense, has a comparatively large atomic weiglit,

and undergoes various degrees of oxidation, which are feebly acid or feebly

basic. On the other hand, gold, like silver and copj)er, but unlike osmium,

^ Roberts -Austen, Proc. Roy, Soc.^ 1891, 49,352.
2 Hanriot and Raoiilt, Bull. Soc. chim., 1911, 9 , 10.52

;
r-nrj,'. rend, 1011, 153 , 182.

2 For further information on the specti'oscopic ch.u-aerer.sr-C'. of gold, see .Lockyer and
Roberts, I^hil Trans., 1874, 164, [ii.], 49-5; and Fri^my, Ency. Chim,, 3.888, vol. iii.,

L’or, X). 40,
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TABLE I.

Group I.

A. B.

Group II.

A. B.
Group VIII.

1st long period, /
i odd

K

Cu

Ca

Zn
Fe, Co, Ni

2nd long period, j

even

\ odd

Rb

Ag

Sr

Cd 1
Ru, Rh, Pd

3rd long period,

j' even

\ odd

Cs

_
Ba

}

4th long period,

^ 1

I

even

( odd Au Hg
j-

Os, Ir, Ft

iridiuni; and platinum, is able to form compounds wbicb conform to the type

RX.
The compounds CuCl, AgCl, and AuCl are very much alike in physical

and chemical properties
;
they are insoluble in water, soluble in hydrochloric

acid and ammonia, and also in potassium cyanide and sodium thiosulphate^

Gold very easily forms higher halogen compounds of the type AuXs, which

may be readily converted into those of the lower type, AuX. This ease of

conversion is a peculiar feature of the members of the odd series in the fourth

long period.

PtX4 PtXs.
HgX, Hg^Xs
TIX3 TlX
PbX, PbXg

Table II. shows the relationships between Cu, Ag, and Au as regards

density, atomic volume, and melting point.

TABLE 11.

Density. Atomic \"olume.
Melting Point,

®C.

Cu, . 8-93 7-07 1,083
Ag, . . 10-49 10-21 961
Au, . 19-26

j

10-11

.

1,063

The atomic volumes are relatively small, and the metals a]3pear near the
minima on the curve showing the variation of atomic volume with the atomic
weight. These low atomic volumes are connected with the inertness of the
elements as compared with the high activity of the alkali metals which occupy
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the maxima on the same curve. No gradation in the melting point is observ-

able in the series, but the group forms an intermediate stage between the

members of Group VIIL, which have high melting points, and the easily

fusible metals of Group 11. B.

The affinity for oxygen in the series, copper, silver, gold, diminishes with

rise of atomic weight from copper to gold. In the higher states of oxidation

gold, unlike silver and copper, presents amphoteric properties

—

i,e., acting

both as acid and base. In the lower states of oxidation, however, copper,

silver and gold are alike in exhibiting basic properties, although these in

the case of gold are not very pronounced.

The facility with which the metal is precipitated from solution also in-

creases with the atomic weight. Thus glucose precipitates cuprous oxide,

and the pure metals silver and gold from solution, whereas ferrous sulphate,

sulphur dioxide, oxalic acid and sulphuretted hydrogen precipitate the

metal only in the case of gold. This diminution of chemical activity with

rise in atomic weight is confined to the elements of Groups LB, II. B, and
VIIL, and is associated with, a diminution in electro-positiveness according

to the electro-potential series.

Volatilisation of Gold.—Contrary to the belief of the older experimenters

(Gaston Claves, and others), gold is sensibly volatile in air at temperatures

not far above its melting point. Robert Boyle was unaware of this fact,

but Homburg gilded a silver plate in 1709 by holding it over gold strongly

heated in the focus of a burning mirror {Encyclo'pcBdia Britannica, 1778, and
Gmelin's Handhuch), and St. Claire Deville volatilised and again condensed

gold when melting it with platinum. It has long been known that a dis-

charge of high-tension electricity from gold points causes its volatilisation,

and if the discharge is sent through a fine gold wire stretched on paper, it

converts it into a purple streak of finely divided condensed particles of the

metal. The rapid distillation of gold caused by heating it in a current of air

of considerable velocity, such as that furnished by a blowpipe, by which

the liquid is thrown into waves, may be shown at any time by heating a

fragment of the precious metal of the size of a pin’s head on a bone-ash cupel

in the oxidising flame of a good mouth blowpipe. Almost immediately after

the fusion is complete, a purple stain of condensed gold begins to form on the

outer margin of the cupel. A piece of gold weighing 0-5 gramme loses half

its weight in an hour, if heated on a cupel by a foot-blowpipe (the temperature

attained being probably less than 1,300°), and only a few minute beads
are observable, detached from the main button. Alloys of copper and gold

disappear much more rapidly. No doubt some of the gold passes off as spray,

but part of the loss is due to rapid volatilisation, and could not be correctly

described as mechanical loss.

The volatility of gold, both when pure and when alloyed with silver and
copper, was investigated by Napier,^ who found that an alloy of 100 parts

gold to 12 parts copper, if kept for six hours at a temperature just high,

enough to keep it melted, lost 0*231 per cent, of its gold contents, and at

the highest temperature attainable in an assay muffle, it lost 0*8 per cent,

in six laours. An increase in the amount of copper present caused an increase

in the loss of gold. In the simple operation of pouring about 30 lbs. of a

gold-copper alloy from a graphite crucible into moulds, fumes were given

off, of which the part condensed in a wet glass beaker held above the crucible

1 Napier, /. Chon. Soc., 1857, IO,220; 1858, li, 108.
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contained 4*5 grains of gold. Napier also found that gold does not appear

to volatilise so readily when alloyed with silver only^ as when copper is also

present.

Makins fonnd that gold volatilises sensibly along with silver and lead,

when melted with these metals in a mufEe in an ordinary bnllion assay.

^

This has been confirmed at the Royal Mint, and the amounts were measured

in 1910. The air led through the assay muffle in this case passed out into an

iron pipe on its way to the flue, and the volatilised litharge condensed in

large quantities in the first 2 or 3 feet of the pipe. The litharge condensed

from 35 batches of gold bullion assays, of which there were 72 in a batch,

was found to contain 70*7 grammes of lead, 0*210 gramme of silver, and

0*0012 gramme of gold. This corresponds to about 0*0005 milligramme of

gold per assay, an amount which cannot be weighed on an assay balance.

The temperature of the muffle furnace was about 1,050° C. In the cupellation

of silver the temperature would, of course, be lower, so that the observed

amount of loss by volatilisation of 0*08 per 1,000 of cupelled silver is higher

than would occur in silver bullion assaying.

According to experiments made by the author,^ the loss of gold on heating

the pure metal rises with the temperature, being four times as great as 1,250°

as at 1,100°, whilst it is insignificant at 1,075°, and probably inappreciable

at lower temperatures. The nature of the atmosphere has also an effect on

the rate of volatilisation, the loss in carbon monoxide being double that in

air, and six times that in coal gas. A protective layer of charcoal would,

therefore, increase the loss by volatilisation. The volatilisation of gold is

also increased by the presence of any metaUic impurity, even by the non-

volatile metals, such as platinum. Lead and platinum have a very slight

effect in increasing the volatility of gold
;
copper and zinc a more marked

effect, while 5 per cent, of antimony or mercury causes losses amounting

to about 2 parts per 1,000 of gold per hour at 1,245°. The metals which

have most effect in reducing the surface tension of the liquid gold appear

to increase its volatility in the greatest degree.

It has been found by Krafft and Bergfeld ^ that gold begins to volatilise,

at 1,070° in vacuo in a quartz vessel, and boils at 1,800° under the same con-

ditions. It is estimated from these results that the boiling point of the metal

at atmospheric pressure is 2,530°.^ Calculated according to Wiebe’s formula,

the boiling point at atmospheric pressure would be 2,240°.^ Richards has

calculated the vapour tensions of gold for various temperatures on two
assumptions—viz., (1) that the temperature interval between tlie first

signs of vaporisation in a vacuum and boiling in a vacuum is equal to

the interval between the latter temperature and the ordinary boiling point
;

and (2) that at equal fractions of the normal boiling point, expressed in

degrees of absolute temperature, metals have the same vapour tensions.

He has thus obtained the table on p. 9.

Thus, according to Richards, if the rate of volatilisation of gold is in

direct proportion to the tension of its vapour, then, for example, it would
about 100 times as much at 1,387° as at 1,075°, and might be appi‘ecial)Ie

1 Making, Man ual of Metallurgy, 1873, p. 200: J. Chem., 1800, 13 , i)7 .

2 T. K. Rose, J. Chem, Soc., 1893, 63 , 714.
3 Krafft and Bergfeld, Ber., 1903, 36 , 1070; 1905, 38 , 254.

‘JR. H. Richards, Metallurgical Calcnlatiom (1908), Part iii., ]). 588.
^L. Meyer, Modern Theories of Chemistry, x>- 134.
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TABLE III.—Vapour Pressures of Gold.

Tension of
Vapour in mm.
of Mercury.

Temperature
of Gold,

°C.

Tension of
Vapour in mm.
of Mercury.

Temperature
of Gold,
°C.

Tension of

Vapour in mm,
of Mercury.

Temperature
of Gold,

0*0002 942 0*050 1,254 6*41 1,699

0*0005 987 0*093 1,298 14*84 1,788

0*0013 1,031 0*165
1

1,343 58*82 2,010
0*0029 1,075 0*285 1,387 195* 2,233
0*0063 1,120 0*478 1,432 451* 2,410
0*013 1,165 1*24 1,520 760* 2,530
0*026 1,209 2*93 1,611

below its melting point. It is to be noted that this has not been observed

directly.

The correctness of Kichard’s table has not been fully demonstrated by
experiment, but it is not without some support. For example, in the cupel-

lation observations given above, the tension of the vapour of gold (at 1,050°)

would be, according to the table, about 0*002 mm. of mercury, and that of

silver^ 0-147 mm. of mercury, the ratio being 1 to 73*5. The volatilised

metals, taking into account the densities of the vapours, should have been

in the ratio of 1 to 40. The condensed metals were in the ratio of 0-0012 to

0*2100, but the ratio of gold to silver in the muffle was 1 to 2'|. If equal

quantities of gold and silver had been present in the muffle, the ratio of the

metals condensed after volatilisation would have been presumably 1 to 81,

•or in fair agreement with the calculated ratio of loss by volatilisation.

Moissan found ^ that gold can be readily distilled when heated in the

•electric furnace. With a current of 300 amperes at 70 volts 59 grammes
remained out of 107 grammes placed in a crucible, after six minutes. Copious

fumes of a greenish-yellow colour were evolved. The gold was condensed as

small regular yellow spheres, as brilliant yellow cubical crystals, as deep

yellow leafy crystals, as filaments, or as a purple powder. In the distillation

of gold-copper or gold-tin alloys, the residual ingot was richer in gold than
the original alloy. The temperature attained was probably far above 2,500° C.

The loss of gold by volatilisation on melting its copper alloy is the common
experience of mints. The melting loss is usually about 0-2 to 0-25 per 1,000,

.and after taking account of the amounts recovered from the ground-up

crucibles, ashes, fioor-sweepings and furnace bricks, it still amounts to 0-1,

or 0*15 per 1,000. At the Eoyal Mint during the twenty years, 1870-1889, it

did not exceed 0-140 per 1,000.^ The loss depends on the temperature, the

time’ of melting, the surface of metal exposed, but, above all, on the amount
.and nature of the draught passing over the metal, w^hich sweeps away the

volatilised gold, and enables the minute tension of vapour of the gold to come
into play again and to renew the supply of gold vapour. In consequence of

this, a cover of charcoal or other material on the gold should check the loss,

and a cover to the crucible is also necessary. The effect of the cover on the

composition of the atmosphere in contact with the gold must, however, be

taken into account (see above, p. 8).

^ Richard.s, he. cit.
^ Moissan, Compt, rend., 181)3, Il6, 1421) ; 1905, 141 , 977.

3 T. K. Rose, J. Chem. Sac., 1893, 63, 714.
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The presence of volatile impurities in the bullion may also cause increased

loss. Thus Hellot stated that if an alloy of 1 part of gold and 7 parts of zinc

is heated in air, the whole of the gold comes ofi in the fumes/ but recent

experiments show that if mechanical loss due to the violent boiling of zinc

is avoided, the amount of gold carried of by zinc fumes is insignificant.^

It has also been shown by the author,^ that tellurium does not cause

volatilisation of gold at temperatures below 1,100°. Samples of an alloy

of 78 per cent, of gold and 22 per cent, of tellurium were heated in a porcelain

boat inclosed in a porcelain tube, through which a glass tube was passed.

A current of water through the glass tube kept it cool. The alloys were

heated for various lengths of time up to one hour at temperatures between

500° and 1,100°, in currents of different gases, air, carbon monoxide, hydrogen,

and water gas (carbon monoxide and hydrogen in about equal volumes)

being used in successive experiments.

In each case the whole or a part of the tellurium was sublimed and con-

densed on the cold tube, but the sublimates in only one case contained a

trace of gold. In the other cases the whole of the gold was found still to

remain in the boat. The exception was when a current of air was passed,

the oxide of tellurium condensed on the cold tube in that case being found

to contain 0-03 per cent, of the total gold originally present, while 99*96 per

cent, of the gold was found in the boat.

A second series of experiments on a teiluride ore from Western Australia,

containing over 1,000 ozs. of gold per ton, gave similar results.

The losses incurred in roasting gold tellurides are probably in great part,

if not entirely, due to fine dust being carried away mechanically, or to the

absorption by the furnace bottoms of the very fusible mixtures which are

formed.

The volatilisation of gold chloride and of gold in an atmosphere of chlorine

is discussed below, see Chap. III.

Crystallisation of Gold.—Gold crystallises in the cubic system, occurring

frequently in nature in the form of cubes, octahedra, and rhombic dodeca-

hedra. Cubes and octahedra are often elongated, giving rise to rod-shaped

crystals, and plates are also not uncommon. Twinning is frequent, giving

rise to dendritic groups, tesselated surfaces and various fantastic and com-
plicated forms. Some of these present the appearance of hexagonal pyramids
or monoclinic prisms, and have even been described as such, but there is no
reason to suppose that gold is anything but cubic and holosymmetric.^ Cleav-

age is never exhibited. Single detached crystals are comparatively lare, and
the crystals are usually attached end to end, forming strings, and branching,

arborescent, or moss-like masses, which are composed of microscopic ciystals,

usually octahedra.® These forms occur frequently in quartz veins, but the
single crystals, which are usually of larger size—viz., from I to 1 J inches

in diameter—are mainly found in drift deposits. They are rarely perfect

or of brilliant lustre, although such crystals were found at the Princeton
Gold Mine, Mariposa County, California, but occur more frequently with

^ Gmelin-Kraut, Handbuch dcr anoruanische Chemie^ vol. iii., p. 1039.
2 “The Refining of Gold Bullion by Oxygen Gas.” T. K. Rose, Tram. InM. Mnq.

and Met., 1905, 14, 378.
^ Britkh Association Re%>ort, 1897, p 623.
^Miers, Mineralogy (1st edition, 1902), p. 302.
®See E. S. Dana,. “On the Crystallisation of Gold.” Amer, J. Bc.i,, 1886, 32, 1.32,

where other references are given.
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rounded angles, raised edges, and cavernous faces, whicli are often marked
with parallel striations, and possess little or no lustre (Fig. 3). The octahedra

found in California are usually flattened parallel to two opposite faces, or

elongated, or otherwise distorted. Still more frequently they are only partially

developed, as in Figs. 4 and 5. In all these cases “ the incomplete crystals'

have the appearance of a failure for lack of material ” (W. P. Blake). Crystals-

of greater complexity, containing many modifying faces, occur chiefly in

Siberia, Transylvania, and Brazil. The most common forms occurring natur-

ally in Australia are the octahedron and the rhombic dodecahedron.^

Liversedge found ^ that, in the majority of cases, the gold embedded in

massive quartz is remarkably free from any traces of crystalline form, and
the larger the fragments of gold, the less crystalline form does it present.

Pigs. 3, 4, and 5.—Octahedral Crystals of Native Gold from California.

His observations enabled him to state that all well shaped crystals of gold

appear to have been formed in what are now cavities, usually left by the

removal of iron pyrite, or else in very soft matrices like iron oxides, clay,

calcite, and serpentine. Crystallised gold is not usually met with in the

quartz of the reef itself, but in the upper portions of the ferruginous and
argillaceous casing of the reef and in the detritus near its outcrop.

On the other hand, polished and etched sections of nuggets ^ always show
marked crystalline structure closely resembling that of a fused mass of gold.

This is shown in Fig. 6, a section of a nugget from Coolgardie, Western

^ For a full account of the crystalline forms of native gold, see a I'aper by W. P. Blake,
in Precious Metals of the U.S.A., 1884, p. 573.

2 Liversedge, J. Roy. >Soc. of JVeio South Wale,% 1893, 27, 290; Ohejn. News, 1894, 49, 162,

^ Liversedge, J. Ghoii. Soc., 1807, 1125 ;
Figs. C and 7 are reproduced from the Journal

with permission.



Fig. 6.—Gold Nugget, Internal Structure, x li- diani.

Australia, wkioli weigted 9-94: ozs., and consisted of gold 890, silver 106.
Kg. 7 shows the outside of the same nugget. There are no traces of the



PHYSICAL AND CHEMICAL PEOPERTIES OE GOLD. la

concentric structure wMcL miglit have been expected if the nugget had been

built up of successive coatings round a nucleus.

Artificial crystals can be obtained in several ways, but with some difficulty.

Feathery crystalline plates are precipitated in the electrolysis of a solution

of the chlorides of gold and ammonium. Formaldehyde in the presence

of hydrochloric or nitric acid precipitates crystalline -gold from solutions

of gold chloride or bromide.^ Crystals belonging to the cubic system are

formed by the precipitation of gold from its solution as chloride by means
of ether, phosphorus in ether, oxalic acid, ferrous sulphate, etc. When copper

pyrite, mispickel, blende, etc., are used as precipitants, however, minute
prisms, beautifully sharp and well-defined, are sometimes obtained.^ The
prisms are sometimes grouped in six-rayed stars, and six-sided plates may
also be formed. Pseudo-hexagonal gold has also been observed by Blake,

Chester, Dana, and others.^

By keeping an amalgam containing 5 per cent, of gold at a temperature

of 80° for some days, and then digesting it at 30° with dilute nitric acid, bright

•crystals of gold can be obtained. These crystals are prismatic needles, and

Eig. 8.—Gold Crystals.

are said by Chester to be regular hexagonal prisms with pyramidal termina-

tions, and to contain 6 per cent, of mercury. In the Percy collection in the

South Kensington Museum are some gold crystals found in the mercury
troughs at the foot of the ‘‘ blanket strakes,” in an amalgamation mill. The
troughs are placed so as to catch any stray particles of gold that may pass

the blankets. As the amount of gold recovered in this way is very small,

it is not worth while to clean out the troughs frequently, and in this case

they had remained undisturbed for nine months, at the end of which time

all amalgam was found to be crystallised. The mercury has been dissolved

off by nitric acid, and the gold crystals remain. The smaller crystals are

rather indefinite in shape, but amongst the larger ones (which are about

half the size of a pea) are well-defined combinations of the octahedron, rhombic

dodecahedron, and cube.

1 Awerkieff, J. Soc., 1903^ 84 ,
[ii.], 218, G03.

^ Liverwedge, <Jhem, JS^eioa, 1894, 49 , 172.
^ Loc. cit,

;

Ditte, (kmpt. rend., 19U0, 131 , 143.
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When gold is cooled from fusion very slowly, fern-like structures in relief

are formed on the surface of the metal, showing the rectangular arrangement
of the axes. These raised poi1;ions are the parts of the metal first solidified,

and, owing to contraction during solidification, they are left in relief above
the general surface of the ingot. Sometimes faces and less frequently angles

of octahedra are visible on the surface of the metal. ^ The purer the gold the
more likely these crystals are to be observable. The presence of small
quantities of copper reduces the size of the crystals. On pouring a partly
solidified mass of pure gold from a crucible, Roberts-Austen obtained a shell

consisting of an aggregate of well-formed crystals apparently octahedra.^
These crystals are preserved at the Royal Mint, London (see Fig. 8, w^hich
is about half-size).

Fig. 10.—The same Ingot as Fig. 9. (Lower surface x 3*2.)

On solidification from fusion, whether quickly or slowly, gold, like other
metals, sets in crystal grains or allotriomorphic crystals, consisting of irregular

polygons of considerable size, which are larger as the rate of cooling is slower.

These crystals may be seen without magnification by lightly etching the gold
ingot with aqua regia. The best method of attack is to immerse the ingot
in aqua regia diluted with an equal bulk of water at the ordinary temperature
for 30 to 60 minutes. Photographs of cast pure gold etched in this way are
shown in Figs. 9 and 10. ^

Fig._9 is a photograph of the upper surface of a gold ingot, 999*9 fine by assay,

and weighing 400 ozs. It was refined at the Royal Mint Refinery, and cast
in an open mould. The difference in structure between the edge, where the

^ See also Chester in Amer. J. ScL, 187cS, i6, 29.

Encydopmlia Britannica (9th edition), article -‘‘Gold.’'
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metal was cMlled by contact with the iron mould, and the centre is remark-

able. It will be observed that the crystals in the inside of the free surface

of the ingot are smaller than those outside. The surface of the ingot was
not prepared by polishing or smoothing before being etched. The concentric

lines near the edge are irregularities of surface, and pass through the crystals.

Fig. 10 is a photograph of the lower face of the same ingot magnified 3*2

diameters.

The large ingot shown in Figs. 9 and 10 occupied a considerable time in

cooling, and crystals bounded by straight lines were accordingly formed,

the slow cooling producing the same e&ct as annealing. In small ingots

which are cooled more quickly, smaller crystals are formed with irregular

boundaries, as is seen in Fig. 11. On a.nnealmg, the irregular boundaries

give place to straight lines, as in Fig. 12.

Fig. 11.—Gold, Small Ingot before Annealing (Etched), x 100.

On rolling, such crystals are distorted by elongation, with the laminated

efiect shown in Fig. 13. On annealing, the metal is recrystallised, cacli large

lamina breaking up into a number of small crystals, which appear and rapidly

increase in number in particular lamince, while otheivs remain unaltered ^

(Fig. 14). The first appearance of recrystallisation, which is identical with
softening, has been noted at 80° after 100 hours, and takes place in a few
seconds at 200°. In course of time, or with rise of temperature, the new
crystals increase in size, and obliterate the boundaries of the original

crystal grains. Twinned crystals make their appearance, giving a

characteristic banded structure, shown as certain narrow parallel-sided

strips in Fig. 15.

^T. K. Rose, J. Inst, of 10, 1(>2.
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Fig. 13.—Fine Gold (Rolled and Etched). X 3.
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Fig. 14.—Gold (Rolled, Incompletely Annealed, and Etched), x 4.

Fig. 15.—Fine Gold (Heated at 800° for 1 Hour), x 7.

Dissolution of Gold.—Gold is readily soluble in aqua regia, or in any otlxcr

mixture producing nascent cblorine, among suclr mixtures being solutions

of (1) nitrates, chlorides, and acid sulphates

—

e.g., bisulphate of soda, nitrate

of soda, and common salt
; (2) chlorides and some sulphates—

c.f/.,
fei’ric

sulphate
; (3) hydrochloric acid and nitrates, peroxides such as permanganate,

or chlorates
; (4) bleaching powder and acids, or salts such as bicarbonate of

soda. Speaking generally, almost any chloride, bromide, or iodide will dis-

solve gold in presence of aii oxidising agent. The action is much, more rapid
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if heat is applied, or if the gold is alloyed with one of the base metals. The
solution of gold in aqua regia takes place according to the equation—

Au + HNO3 + 4:HCl = 2H2O + NO + HAUCI4,

and these proportions are most economical for employment.^ They corre-

spond to one part by weight of nitric acid of specific gravity 142 to four parts

by Weight of hydrochloric acid of specific gravity 1-2, or by volume, 1 part

to 4-7 parts. The presence of silver in the gold retards the process, a scale

of insoluble chloride of silver being formed over the metal, and the action

may eventually be completely stopped if the percentage of silver present is

large. Gold is also dissolved by liquids containing chlorine and bromine

or a mixture producing bromine. The action is much slower than that of

aqua regia, and subject to the same difficulties if silver is present
;
heat assists

the dissolution. Iodine dissolves gold only if it is nascent, or if dissolved

in iodides or in ether or alcohol. Gold dissolves in hydrochloric acid in the

presence of organic substances

—

e.g., methyl or ethyl alcohol, chloroform,

glycerol, etc. The action is accelerated by heat.^ Metallic gold does not

dissolve in strong sulphuric acid unless a little nitric acid is added, when a

yellow liquid is formed, which, when diluted with water, deposits the metal

as a violet or brown powder. The mixture of nitric and sulphuric acids is

a more rapid solvent for gold than nitric acid alone.

When gold is heated with concentrated selenic acid, H2Se04, it dissolves

with liberation of selenium dioxide and formation of a reddish-yellow solution

•of auric selenate, Au2(Se04)3
;
the action begins at 230^^, but proceeds more

readily towards 300°. ®

According to NicMes,^ the easily decomposable metallic perchlorides,

perbromides, and periodides are capable of dissolving gold, lower chlorides,

•etc., of the base metals being formed, and gold chloride, etc., produced.

Some of these so-called persalts are, however, often regarded merely as solu-

tions of chlorine, bromine, or iodine in the protosalts. Gold is soluble in

ferric chloride ^ (see Table IV., p. 22), and in cupric chloride. In a re-exami-

nation of these observed facts in 1904,® Stokes found that the dissolution

takes place readily at 200° C., thus

—

Au + 3FeCl3 AuClg -f SFeCla

Au -f SCuClg AUCI3 4- 3CuCl.

Equilibrium is reached after a time, and no further action takes place,

^except on the addition of more ferric or cupric chloride or a rise in the tem-
perature. A further addition of ferrous or cuprous chloride or a fall in the

temperature causes some gold to be reprecipitated with the formation of

ferric or cupric chloride.

MTlhiney, however, found ^ that hydrochloric acid in presence of air is

without action on metallic gold, that ferric chloride is without action on gold

unless oxygen is present, but that ferric chloride acts as an efficient carrier

iPriwoznik, J. Chem. Soc,^ 1911, lOO, [ii.l, 484.
2 Awerkieff, J. Chem. Soc.^ 1908, 94, [ii.], 859.
3 Lenher, J. Amer. Glitm. Soc,^ 1902, 24, 354.

^Nickl^s, Ann. Chim. Fhys., 1867, 10, [iv.], 318.
^ Napier, JRhiL Mar/., 1844, pi], 24, 370 ;

Schild, Berg, und JEfutt. Zdt., 47, 251.
® “A Treatise on Metamorpnism,” by Van Hise. U.S. Geol. Survey, 1904, 47, 1090.
’ MTlhiney, A mer. J. Sci., 1890, 2, 293.
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of chlorine in the presence of hydrochloric acid and oxygen. Stokes also*

observed^ that gold is not appreciably dissolved in ferric sulphate unless,

chlorides are present at the same time, thus furnishing ferric chloride. These

observations are of importance in considering the action of descending solu-

tions in the belt of weathering in auriferous lodes.

Doelter has shown ^ that gold is somewhat readily soluble in a 10 per

cent, solution of sodium carbonate, and also in an 8 per cent, solution of

sodium carbonate containing excess of carbonic acid and containing sodium

silicate. Becker has shown ® that gold is easily soluble in sodium sulphide

and in sodium sulphydrate.

Some other haloid compounds only attack gold in the presence of ether,

in which case even hydriodic acid has a slight efiect. Iodic acid has also been

mentioned as a solvent for gold, but its action is very slight, much less, for

example, than that of concentrated hydrochloric acid under similar con-

ditions. A mixture of iodic and sulphuric acids dissolves gold when heated

to 800° (Prat, also Victor Lenher). The effect of nitric and nitrous acids-

and of mixtures of them is described in Chapter XX. Alkaline sulphides

attack gold slowly in the cold, and more rapidly if heated, producing sulphide-

of gold which is subsequently dissolved. Gold is also soluble in the thio-

sulphates of calcium, sodium, potassium, and magnesium, in the presence

of an oxidising agent. According to H. A. White, ^ sodium thiosulphate

slowly dissolves gold in the presence of air, and the action is greatly accelerated,

by ferric chloride and some other oxidising agents. ' He also found that

ammonium thiocyanate alone would not dissolve gold, but that potassium

thiocyanate in the presence of ferric chloride dissolved gold far more rapidly

than was the case with thiosulphates. Fresh solutions of ferric thiocyanate-

dissolved gold slowly.

Spring has shown® that gold is soluble in hydrochloric acid if heated
with it to 150° in a closed tube, and is subsequently reduced by the liberated

hydrogen and deposited as microscopic crystals on the side of the tube. The
author has found that boiling concentrated hydrochloric acid dissolves gold

and maintains it in solution. Berthelot ® found that the action takes place’

slowly in the cold in the presence of light and air, but not in the dark. Gold
is also soluble in solutions of ferric and stannic salts in presence of hydro-

chloric acid, and is still more freely dissolved by a solution containing CuC4
and HCl, especially on heating.^ Victor Lenher showed ® that in presence

of sulphuric acid many oxidising substances, such as telluric acid, manganese
dioxide, lead dioxide, red lead, chromium trioxide, and nickel oxide, cause

gold to pass into solution. In some cases phosphoric acid may be substituted

for sulphuric acid. When gold is used as an anode, it is oxidised, and if

the electrolyte is strong sulphuric acid, phosphoric acid or caustic soda or

potash, part of the oxide is dissolved.^ C. Lessen has pointed out that

if a solution of potassium bromide is electrolysed, the resulting alkaline

^ Van Hise, loc. cit.

2 Tscbermak^s illfw/mJ. Mittheil.^ 1890, 1 1,329; Van Mine, loc. clt.

3 Becker, ‘‘Geology of the Quicksilver Deposits of the Pacific Slope,” U.H. (koh Suttcil,
1888, I3» 433 ; Van Hise, loc. cit.

^H. A. White, J. (Jhem. Met. and Mna. Soc. of S. Africa., lOOr), 6, 101>.

5 Spring, Zeit^ch. anoT<i. Chem., 1893, I, ‘240.

6 Berthelot, J. (Jhem. Soc., 1904, 86, [ii.], 509.
7M‘Canghey, J. Amer. Cheni. Soc., 1909, 31, 12(51.

® Lenher, Eiig. and Mm. J., 1904, June 10, p. J)03 ;
J. Amer, Chem. Sue., 1904, 26, .5.50.,

® Loc. cit.
; also Spiller, (Jhem. News, 1864, 10, 178.

C. Lessen, Ber., 1894, 27, 2720.
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••solution containing hypobromite and bromate of potassium, is capable of

dissolving gold. Gold is dissolved by aqueous solutions of simple cyanides

in presence of an oxidising agent. This action is fully discussed in Chap. XV.
•Suiphocyanides, ferrocyanides, and some other double cyanides also dissolve

gold, both at ordinary temperatures and on heating, but the action is very

slow, even jn presence of oxidising agents. Beutel has shown ^ that when
potassium ferrocyanide is used, potassium aurocyanide is formed, and the

resulting ferro-ions are oxidised by the air, giving ferric hydroxide. The
solution formed is alkaline, and the reaction is probably represented as

follows

3Au + K.FeCye + 2H2O -f- 0^ = SKAuCy^ + Fe(0H)3 + KOH.

Moir found ^ that finely divided gold dissolves slowly in acid (hydro-

chloric or sulphuric) solutions of thiocarbamide, and that the action is rapid

in the presence of oxidising agents such as ferric chloride or hydrogen per-

oxide, especially if heated to 50°, The gold is very slowly reprecipitated by
ferrous sulphate or stannous chloride.

The table on p. 22 gives the relative rate of dissolution of gold by a

number of solvents. The gold used in each case consisted of a single “ cornet
”

of “ parted gold, weighing about half a gramme, and consisting of gold

09*93 per cent., silver 0*07 per cent. Cornets ofier a large surface to attack,

as they consist of spongy gold, and those used did not differ in physical state.

They were prepared by the method described under bullion assaying. The
solutions were in excess, but there was no stirring or agitation.

Allotropic Forms of Gold.—^Little is known of these. The marked in-

fluence of traces of other metals on the properties of gold has already been

touched on
;
from this and from the variations in colour and other properties

the existence of several allotropic modifications of gold might be inferred.

Wilm ^ states that if gold is dissolved in dilute sodium amalgam under

water, the aqueous liquid becomes dark violet, and when this is acidulated

with hydrochloric acid, a black precipitate of pure gold is obtained. The
black gold differs from the ordinary modifications in its extreme lightness

;

moreover, it is soluble in alkaline solutions, and does not amalgamate with

mercury or with sodium amalgam. When heated, it yields the ordinary

modifications as a violet red powder. This form of gold appears, from Wilm’s

account, to resemble the black precipitate obtained on digesting certain

aluminium-gold alloys with hydrochloric acid and that obtained by the

action of water on potassium-gold alloys.

Julius Thomsen^ stated that different allotropic modifications of gold

are obtained by the reducing action of sulphurous acid on various solutions

of gold compounds. The supposed allotropic forms obtained by the reduction

of (a) neutral auric chloride, (b) auric bromide, (c) aurous chloride, bromide,

or iodide have been designated respectively as gold, gold a, and gold /3. Thu.s

gold gave out 3*2 calories in passing into gold. Van Heteren,^ however,

found that the potential differences between these samples of gold were no

greater than between two samples of the first allotropic form, and conse-

quently the forms were identical.

1 Beutel, J. dim, Soc., 1910, 98 , [i.], m.
2 Moir, J, diem. tSoc., 1906, 89, 1346.
3 Wiliri, Zeitsch. anorg. Chem.^ 1893, 4> 325.
^ Thomsen, Therinochemiscke XInterHiiclmn(jen, vol. iii.

,
p. 398.

5 Van Heteren, J. dim, Soc,, 1005, 88 ,
[ii.

J,
260.
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TABLE IV.—^Relative Rates of Dissolution of Gold.

Amount of

Solvent. Time of Tempera- Gold dissolved
Action, ture. per Cent, per

Hour.

HCl and KISTOs, concentrated, . 20 hours. 15° C. 4-650

HNOgandMaCl, „ ... 9? 4-311

HCl and KCIO3, „ ... !>)
Completely
dissolved in.

less than 20
hours.

HClandKaMnoOs, „ ... 20 hours. 0-862

HCl, „ ... -003

1 hour 70° C. •150

HCl, 10 c.e.
)

KglHnaOg, 0*2 gramme I (Etard's Mixture),

Water, 1 pint J

20 hours.

1 hour.

15° 0.

70° C.

•088

•850

NaCl, 1'5 gramme
H2SO4, 1 c.c. [ (Black-Skeet 20 hours. 15° 0. •139

K2^2^8> ^’25 gramme 1 Mixture),
Water, 1 pint, J

1 hour. 70° C. •620

H08O4, concentrated, 9o parts, . . . / 20 hours. 15 °C. •019

HHO3, „ 5 „ . . .1 1 hour. 70° C. •010

NaCl, KNO3, and a normal sulphate, strong j 20 hours. 15° C. None.
solution, . . . . . ,\ 1 hour. 70° C.

MaCl, KNO3, and an acid sulphate (KHSO4), J 20 hours. 15° C. 99

strong solution, . . . . .[ 1 hour. 70° C. 1-830

NaCl, and ferric sulphate, strong solution, .
-j

20 hours.

1 hour.

15° a
70° C.

None.
0-340

HCl and H2SO4, concentrated, . 20 hours. 15° C. None.

EeClg, concentrated, . . . .
99

1 hour. 70° G 4-060
Iodine and water in closed tube. 2 hours. 50° C. None.
Iodine dissolved in KI, strong, . 20 hours. 15° C. 0-716
Eelg (prepared by dissolving excess of iodine ( 99 99 0-214

in h'elg), . ^ { 1 hour. 70° C. •450

HI, pure, . . , , . .

20 hours.
1 hour.

15° C.

70° 0.

None.

„ and ether, . . . .

20 hours.

1 hour.

15° C.

70° C.

0-0007
•460

Iodine in alcohol, . . . . . /
20 hours.

1 hour.

15° C.

70° C.

•001

•120

,, in HI, 20 hours. 15° C. 4^950

Iodic acid, 5 per cent, solution, . .

. ^ 1 hour. 70° C.

0-0005
•020

Chlorine, saturated solution in water (= 0-7
f

5 hours. 15° C. 1-152
per cent.), 1 1;^ hours. 60° 0 . 3-592

Bromine, pure, ..... 1 hour. 15° C 16-90

„ 5 per cent, solution in water, . 50° C.

8-30

15-71

5 , 1 per cent, solution, . 1;I hours. 60° C. 5-17

„ 0*2 per cent, solution, . .

5 hours.

»

15° C.

50° C.

M62
2-020

EeBrg (prepared by dissolving iron in bromine,
20 hours.

1 hour.

15° a
70° C.

0-003
•070

expeUing the excess of Br by heat, dissolv- -

ing in water and filtering), , . . J
KCy, 1 per cent, solution,

1:1; hours. 15° C. 0-15
,, 5 „ „ ... 99 •14

25 „ „ ... 99 •16

» 1 >, ,, ... ,5 50° C. .37

5J 1 ?5 J» ... 99 60° C. •46

7? i
J.J ... 5 hours. 100° C. -26

]Elo-procipitated



PHYSICAL AND CHEMICAL PROPERTIES OF GOLD. 23

Hanriot ^ studied tLe properties of brown gold, obtained by dissolving

away the silver from silver-gold alloys with nitric acid, and concluded that

it is a spongy mass formed of a mixture of ordinary or a gold, with a new
modification, /3 gold. He leaves it as an open question wlietlier tlie difierences

are due merely to the nature of the crystals, or wbetber they axe sufficient

to warrant the use of the name allotropic modification. The /3 variety has

not been prepared in a pure state. It is always mixed with a gold, and also

with traces of silver, copper, lead, iron, etc., as revealed by the spectroscope.

It has a lower coefficient of diamagnetism than a gold, and is transformed

into a gold at temperatures above 300°. Between 300 ° and 650° brown
gold is metastable, and tends to change into ordinary gold with a contraction

of 40 per cent, in the length of thin plates. This change is hastened by
touching it with a plate of the cc variety.

It has also been shown by Hanriot and Raoult ^ that brown gold is more
soluble in nitric acid and in hydrochloric acid than yellow gold. They also

found that brown gold is freely soluble in a hot hydrochloric acid solution of

auric chloride, and that on cooling beautiful crystals of /S gold are formed,

consisting of a mixture of tetrahedra and rhombic dodecahedra. These

crystals are very soluble in auric chloride.

Louis had previously found ^ that brown gold has a density of 20*3, and
that it expands on being transformed by heat into the yellow variety.

The evidence in favour of the existence of amorphous or hard gold in

cold-worked or polished specimens is similar to that in the case of other

metals.^

1 Hanriot, Bull. Soc. cMm., 4th series, 1911, 9, 139, 339, and 1052.
2 Hanriot and Raoult, Compt rend., 1912, 155,

1085.
® Louis, Trans. Amer. Inst. Min. Enrj., Chicago Meeting, 1893.
^ See G. T. Beilby, Proc. Roy. Soc., 1907, A, 79, 463 ;

J. Inst, of Metals, 1911, 6, 5.



24

CHAPTEE 11.

ALLOYS OF GOLD.

Introduction.—Gold can be made to alloy with, almost all other metals, but

most of the bodies thus formed are of little or no importance to metallurgists.

The binary alloys of gold with one other metal have been studied in a number
of instances, but little systematic study has been devoted to gold alloys

containing three or more metals, although the metallurgist has to deal chiefly

with these. In the following pages the binary alloys are described successively.

As the effects of heat on alloys are most readily expressed in equilibrium

diagrams, an explanation of these is given below.

A thermal equilibrium diagram (see Fig. 16, and also Figs. 17 to 24) expresses

in diagrammatic form the temperatures at which physical changes take place

in alloys. Each of the figures shows the equilibrium diagram of the series

of binary alloys formed by gold with one other element. The principal physical

change is that of melting or solidification. The liquidus curve joins the points,

giving the temperatures at which alloys of different compositions begin to

freeze or solidify. As the temperature falls (on a vertical line from a point

on the liquidus curve) more and more of the alloy solidifies, and solid and
liquid particles exist side by side. At length solidification is complete, and the

curve joining the points, giving the temperatures at which this occurs, is

called the solidus curve. Each alloy has a liquidus point and a solidus point.

The interval between them is usually called the fasty stage. In a pure metal,

or in a pure compound of two metals, or in a eutectic alloy (mother liquor

which has the lo’west melting point of the series), there is no pasty stage,

and the liquidus and solidus points coincide. The solidus point is that at

which a metal on being heated begins to melt.

The equilibrium diagram gives some further information. Fig. 16 repre-

sents a form of such a diagram, giving the solidus and liquidus curves for two
metals, M and N, and all their alloys. Starting with a mixture represented

by the point X, all the material is then molten. If it be allowed to cool gradu-

ally, the reduction in temperature will be represented by the line X P. At
P crystals of composition represented by the point Q will separate, and
temporary equilibrium will be established between these crystals and the
melt at that temperature. By the separation of these crystals tlie melt
becomes richer in N, and the freezing point of this remainder of the melt is

lowered. On further cooling, the temperatures at which crystals begin to

separate will tend to follow the line P E—^the liquidus—while the composi-
tion of the crystals separating will tend to progress along the line (J T—the
solidus—but such efiects are attained only if the rate of cooling is extremely
slow.

Similar conditions will prevail on the branch of the curve, which starts

at the melting point of the pure metal N. At E, where the two branches
meet, the melt will solidify as a whole. The crystals in equilibrium at tlie
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'eutectic E—always provided that the condition of extremely slow cooling

has been fulfilled—^wiU have the compositions represented by T and T'.

By quenching an alloy from the molten state, as represented by X, the

constitution at that point is preserved, and the separation into diferent

kinds of crystals is wholly or partly prevented.

Besides the melting point, changes in the solid alloy (allotropic change,

separation or union between the constituents, formation or decomposition

of compounds, etc.) also occur. The curves joining the points, giving the

temperatures at which these changes occur in solid alloys, are also given on

equilibrium diagrams.^

Alloys of gold are generally prepared by melting their constituents to-

gether, but they may in certain cases be prepared by simultaneous precipi-

tation from solution, as was shown by Mylius and Eromm in 1892.^ Thus

a gold-zinc alloy, containing equal weights of the two metals, and approxi-

mating in composition to AuZn3 ,
was obtained in the form of black, spongy

flocks, by adding a solution of gold sulphate to water in which a zinc plate

was placed. The gold-zinc slime obtained in the cyanide process (q.v.) may
be compared with this. Gold-cadmium, similarly obtained, is a lead-grey

crystalline precipitate, having the composition AuCd3 . If the gold-zinc alloy

is shaken with a solution containing a cadmium salt, the gold-cadmium
alloy and a zinc salt are obtained. Similarly, a copper plate, acting on solu-

tions containing gold, yields a black, spongy compound of gold and copper
;

and gold-lead and gold-tin alloys in the form of black slimes are also readily

prepared.

The diffusion of gold into other metals, both liquid and solid, was investi-

gated by Koberts-Austen.^ The rates of diffusion in liquid metals are of the

1 For a more complete discnssioji of the equilibrium (liap:ram«, see the chapter on “The
Constitution of Alloys,” pp, 91-115, in E. F. Law, ('iiid ed., 1914); see also

C. H. Desch, Metallography,
2 Mylius and Fromm, J. Chem.Boc., 1894, 66

, [ii.], 230 ;
Ber., 1804, 27,T)30.

® Roberts-Austen, Proc. Roy. Soc., 1890, 59j 281; Bakerian Lecture, Phil. Trans., 18i)0,

A, 187, 383.
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same order as those of soluble salts in water, but the difusion in solids is very

slow. If gold is placed at the base of a cylinder of solid lead 70 mm. high,,

some is found to have reached the top in thirty days, the temperature being

kept at 251°. The rate of difusion is still measurable at 100°, but is almost

inappre(iiable at ordinary temperatures.

The alloys which are most important to the metallurgist are those which

gold forms with mercury, copper, silver, lead, and zinc.

Gold and Aluminium.—^These alloys were investigated by Roberts-Austen,^

and more recently by Heycock and Nevihe.^ Several true compounds of the

two metals were proved to exist, the most remarkable and stable being Au2Ab
a hard white alloy with a freezing point of only 622°, and AuAl^, Roberts-

Austen’s beautiful purple alloy, which melts at about the fusing point of pure

gold.

From the melting point of pure gold the freezing point curve falls steeply

to a temperature of 545° C., and along this portion primary gold crystals

first separate. At 545° C. a break occurs in the curve, corresponding to a

compound having the composition AU4AI (gold 96-7 per cent., aluminium

3*3 per cent.), which separates until the eutectic is reached at 527° C. (21*5

atomic per cent., or 3-6 per cent, by weight of aluminium). The curve rises

from the eutectic to a second break at 575° C. (AU5AI2 or AusAlg), containing,

about 5T per cent, by weight of aluminium, and finally reaches the first

true maximum at an alloy with 6*3 per cent, of aluminium (AU2AI). A second

eutectic occurs at 570° (8T per cent. Al), and a third intermediate break at

685° 0. (AuAl, containing 12 per cent. Al), whence the curve proceeds to the

maximum denoting the compound AUAI2, which contains 21*5 per cent, by
weight of aluminium. This compound is always formed when mixtures of

gold and aluminium are fused, and allowed to cool, provided that not more
than about 90 per cent, of gold is present. The purple alloy is seen in patches

on a white ground containing the excess of aluminium or of white compounds
of gold and aluminium. A third eutectic occurs very near to the boundary
of the curve for pure aluminium.

Gold and Antimony.—Gold is very easily dissolved by molten antimony.
A piece of gold wire held in the heated material can be readily seen to be
going into solution, forming radial stream lines.

A small amount of antimony lowers the melting point of gold considerably^

and causes a long pasty stage. Hatchett ^ found that molten gold absorbs
the vapour of antimony and becomes brittle. Roberts-Austen ^ found that

an addition of 0*2 per cent, of antimony to gold reduced its tensile strength

from 7*0 to 6*0 tons per square inch. The author ^ found that about 1*0 per
cent, of antimony makes gold brittle, but that the brittleness is removed by
annealing.

None of the alloys are malleable. They are all formed with contraction

;

they are hard, pale yellow or grey, and not easily attacked by acids, except
aqua regia. Cosmo Newbery has shown that when the alloys are finely divided
and ground with mercury they are slowly decomposed, yielding gold amalgam
and black metallic antimony, mixed with antimonide of mercury.

^Roberts-Austen, Proc. Roy, Soc., 1892, 50, 367.
2 Heycock and Neville, Phil. Trans., 1900, A, 194, 201 ;

Proc, Roy. Soc,, 1914, 90 , HOO.
® Hatchett, Phil. Tram., 1803, 93, 43.
^Roberts-Austen, Phil. Trans., 1888

, A, 198, 339.
^ T. K. Rose, 33rc^ Annual Report of the Mint, 1002, p. 73.
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From. Vogel’s results ^ it appears that the liquidus curve consists of three

branches, along which three difierent series of crystals separate. The two*

series containing most gold do not appear to consist of solid solutions. The
third series of crystals corresponds to the formation of the compound AuSbg,

at 4:60° C., and 55 per cent. Sb, the point of maximum thermal e:ffiect in the

reaction. At the same point there is a break in the liquidus curve. Vogel

records that these alloys are strongly susceptible to undercooling, and that

only by inoculation can solidification be promoted. In this respect they

resemble the tellurium-gold alloys.

The compound AuSb2 is of the same colour as antimony, is extremely

brittle, and considerably harder than the individual components. There is

a well-marked eutectic at 360° C. and 24 per cent. Sb.

Gold and Arsenic.—These resemble the gold-antimony alloys. They are

readily fusible, hard, brittle, pale yellow or grey alloys, formed with con-

traction and decomposed by mercury like the antimony alloys. They are

soluble with difficulty in aqua regia. Hatchett ' found ^ that the vapour of

arsenic, acting on a suspended plate of gold at a red heat, forms a readily

fusible alloy which drips of! the gold, so that the residue of the gold plate is

malleable and free from arsenic.

The alloys containing from 0 to 11 per cent, of arsenic were examined
thermally by Schleicher.^ The freezing point curve indicates a eutectic point

at about 25 per cent, of arsenic, the melting point of ^hich is 665°. The
eutectic is still observable when only a small proportion of arsenic is present.

Arsenic is evolved’ suddenly at the eutectic temperature on melting.

Gold and Bismuth.—^Bismuth is an element which, when present in even

the smallest amounts, is very injurious in the ordinary commercial appli-

cations of gold. It renders the latter very brittle and unworkable. Of all

metals, it has the greatest effect in reducing the ductility of gold. Thus the

author found ^ that fine gold containing 0-25 per 1,000 (1 part in 4,000) of

bismuth is fragile, breaks under the hammer, and cannot be rolled. The
same proportion of bismuth in standard gold (gold 916-6, copper 83-3) also

causes brittleness, and differs from lead in the fact that the brittleness is

not removed by annealing. Molten gold absorbs the vapours of bismuth
and becomes brittle. All the alloys exhibit a strong tendency to segregation,

so that when solid they are not uniform in composition.

It was observed by Arnold and Jefferson ^ that in gold containing 0-2 per

cent, of bismuth, when somewhat quickly cooled, from fusion, the. geometry
of the large primary crystals of gold is completely destroyed, and the

structure may be described as consisting of irregular grains, forming a

series of cells cemented together with walls which are probably formed of

the gold-bismuth eutectic. The whole thus presents the appearance of a
network. Slowly cooled specimens are similar in appearance, but the grains

are larger. When broken by ‘working, the fracture takes place along the

cell walls, and any detached grain is perfectly malleable, probably consisting

of pure gold, and can easily be beaten out into gold leaf. Similar effects

were noted when lead or tellurium was substituted for bismuth.

Osmond and Koberts-Austen ® found that in quickly cooled ingots

^ "Vogel, Zcitsch. anorg. C%eni., 1906, 5o» 145-157
; J. (Jliem. Sog., 1906, 90 , [ii. j, 679.

Hatchett, loc. cit ® Schleicher, Internat Zeitsch. Metallographic, 1914, 6, 18.

T. K. Kose, Annual Report of the Mint, 1902, pp. 72-73.
5 Arnold and Jefferson, JEngineering, 1896, 61 , 176 ;

also Andrews, ibid,, 1898, 66, 541.
® Osmond and Koberts-Austen, Phil. Trans,, 1896, A, 187 ,

417-432.
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Tiie liquidus curve for tHs series of alloys was studied by Heycock and
Neville ^ in 1890, but tbeir researckes only extended to alloys containing

1-8 per cent, gold, an amount wbicb tbey found lowered the freezing point

of bismuth by 4°. Eoberts-Austen ^ showed that gold-bismuth alloys had
a deep eutectic, and that the melting point of gold is regularly lowered by the
addition of bismuth. The first additions. of bismuth do not greatly lower the

freezing point of gold, but give rise to a long pasty stage. In 1895 Eoessler ^

melted a little gold, with an excess of bismuth,, and obtained on cooling a

mixture of yellow and grey crystals. He isolated those crystals which were
richer in gold, by means of nitric acid and by volatilising the bismuth under
carefuUy controUed conditions, and found their composition to correspond

very closely to the formula AusBi.
It is interesting to note that Macivor ^ has published particulars concerning

a natural mineral, which is composed almost entirely of gold and bismuth,,

in the proportion expressed by AiigBi. This alloy is very malleable, and has.

been termed ‘‘ Maldonite.”

The thermal equilibrium diagram constructed by Vogel,^ with some
corrections in the solidus, is shown in the curve in Kg. 17. The liquidus

curve has two branches, which meet in a eutectic point A at 82 per cent*

bismuth, and at a temperature of 240° C. The eutectic horizontal BAG
reaches to pure bismuth on the one side, and to gold containing less than
0-025 per cent, bismuth on the other side. This is proved by the brittle-

ness of gold containing 0*025 per cent, of bismuth. No isomorphous mixture
of gold and bismuth is known to occur. The action of gravity causes the

bottom of a culot of any of the alloys to be enriched in gold. Vogel states

that in these alloys the primary crystals of gold have a zoned structure, being

yellow in the interior (pure gold) and white and poorer in gold on the exterior

(probably nearly pure eutectic).

The structure of the eutectic alloy is quite altered by quenching from
400° C. The white element is replaced by a mixture of what appear to be

yellow and black components arranged in lamellae. The gold-bismuth alloys

are all brittle, but are not harder than their constituents, and, with the ex-

ception of the gold-rich alloys, have the white colour of bismuth. The gold-

rich alloys are pale yellow or greyish. They exhibit marked segregation,

which is not surprising, considering the wide separation of the liquidus and
solidus curves.

A peculiar effect has been observed on the surface of bismuth-rich alloys..

After cooling, glittering spherical nodules of metal appear, which have been

attributed to the well-known property of bismuth to expand on solidification.

These globular masses have a composition approximating always to 18 per

cent, gold and 82 per cent, bismuth, which is that of the eutectic. This-

phenomenon may be compared with the efiect of heating gold-tellurium

alloys or native tellurides.

Gold and Cadmium.—By immersing gold in a concentrated boiling solution

of a cadmium salt, Eaoult ® obtained a compound formed by the combination

of the precipitated cadmium with the gold. The constituents could be again

1 Heycock and Neville, J. Ckem, Soc., 1892, 6 l. 888 .

2 Roberts-Ansten, jPhil. Trans.^ 1888, A, I79> '^17.

^ Roessler, ZeiUdi. anovff. (JhcM., 1895, 9 , 70.

'^Macivor, Dana. A System of Mineralogy, p. 15.

Vog'el, Zeiiseh. anorg. Chem., 190G, 145-157.
6 Raoult, Compt. rend.

, 1873, 76 , 1.50.
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separated only on long continued boiling with acids. Mylius and Fromm ^

(1894) repeated these experiments and obtained similar results. They also

•demonstrated that a gold-cadmium alloy separates from gold chloride solu-

tions by the action of cadmium. This separated product had a constant

composition corresponding to the formula AuCd3 . Roberts-Austen ^ found

that an alloy containing 0*202 per cent, of cadmium had a tensile strength of

6*88 tons per square inch, and an elongation on a 3-inch specimen of 44 per

cent. The material drew out in the manner of a viscous solid such as pitch.

Heycock and Neville ® in 1892 detected a new compound, AuCd, by dis

tilling off cadmium from melts of gold and cadmium, and proving that the

-gold and the cadmium, were present in the residue in the proportion represented

by the formula AuCd. Vogel, ^ however, pointed out that this result was not

beyond dispute, because the difierence in the partial pressures of the combined

and uncombined cadmium is small, and by continuing to heat the alloy

AuCd more cadmium is volatilised.

The complete equilibrium diagram was cozistructed by Vogel in 1906 ^

from the results of thermal and microscopical analyses. The liquidus curve

has four branches, with two breaks at 623® C. (30 per cent. Gd) and 493® C.

(63 per cent. Cd) respectively. These breaks correspond to concentrations

represented by the formulse Au4Cd3 and AuCda* In all, there are four distinct

series of crystals observable throughout the whole range—(1) solid solutions

of cadmium in gold
; (2) practically pure cadmium

; (3) and (4) two inter-

mediate series of mixed crystals, the second of which forms with (2) a eutectic

alloj at 303® C. (87 per cent. Cd). The progression in the crystallisation may
be summarised as follows :—^From 0 to 18 per cent, cadmium a series of iso-

morphous mixtures of cadmium in gold separates, and at the latter stage

becomes saturated. From 18 to 30 per cent, the primary separation of

isomorphous mixtures is followed by the formation of the compound Au^Cd^.

A second series of isomorphous mixtures then appears from 30 to 51 per cent,

•cadmium, and finally an alloy with thedormula AuCds appears up to 63 per

•cent, cadmium, after which practically pure cadmium separates out. Guertler ®

is of opinion that Vogel’s compound Au4Cd3 is really of the composition AuCd.
This compound fuses at 623® C., is of a silver-grey colour, is very fragile,

and exhibits a highly crystalline fracture. It is scarcely attacked by dilute

nitric acid (1 : 1), but dissolves easily in hot aqua regia. The hardness
reaches a maximum for the whole series in the periods 18 to 30 per cent.

Cd., and 51 to 63 per cent. Cd., when it has a value of 4 (on Mohr’s scale).

The other alloys have a hardness almost equal to that of the constituent

elements. The brittleness is greatest in the alloys containing 51 to 63 per
•cent, cadmium, which consists of saturated mixed crystals of AuCd and
cadmium.

Alloys of gold and cadmium can be “ parted ” with nitric acid, and are

dissolved by aqua regia. They may be also parted with dilute sulphuric acid.

In Chap. XX. will be found particulars as to the use of cadmium in the
U;Ssaying of gold-silver alloys.

Gold and Cobalt.—Wahl in 1910 studied the thermal, magnetic, and micro-
•scopic properties of these alloys. The experimental difficulties were great,

1 Mylius and Eromin, Bar. dent, cliem. Oes., Berlin, 27 JalirgaiiL^ 1894, x, im.
^ Roberts'Austen, Fliil. Trans.

^ 1888, A, 179 , 339.
3 Heycock and Neville, J. Chem. Soc., 1892, 61 , 888-014,
^ Vogel, Beitsch. anorg. Gheni., 1906, 48 , 333-346. s Vogel, loc. cM.
Guertler, Metallographie, p. 503. ’ Wahl, ^citsch. anorg. Chem., 1910, 66 , 60.72.
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owing to tlie ease with which cobalt oxide is formed on heating. This influences

the results by depressing the true freejzing points. The difficulty was over-

come by heating the alloys in an atmosphere of nitrogen in porcelain tubes.

The cobalt first attacks the porcelain, but the oxide present being thus

removed; subsequent fusing does not cause any further attack.

Pure cobalt melts at 1,493° C., but can be easily supercooled, as much as

216° C. of supercooling having been observed. The cobalt-gold alloys exhibit

a similar tendency to pass their melting point before becoming solid. Wahl
obtained a rather unusual form of liquidus curve with many turning points

by plotting atomic percentages against temperatures, but his results will

probably be simplified on revision. Speaking generally, there are two branches

to the liquidus curve, meeting at a eutectic at 997° C., and corresponding to

a composition of about 90*1 per cent, of gold; but the accuracy of these

figures is open to doubt, as few experiments were made. The saturated

solid solutions (ends of the horizontal eutectic line) contain 3'5 and 94 per

cent, gold respectively.

The whole of the alloys were found to be magnetic, the niagnetisability

decreasing, at first rapidly and afterwards more slowly, with increase in the

gold content. The magnetisability also decreases with decrease in temperature,

being three times as great at the eutectic temperature as when cold.

The transition point of cobalt has been determined by magnetic means
to be about 1,140° C., and is found to remain practically unaltered by the

addition of gold. o6-cobalt comes into direct contact with the melt at the

lower temperatures. Crystals which are rich in cobalt are cubic above 1,140°

and isomorphous with /8-cobalt.

Wahl, in his paper, describes the appearance of six-pointed stars in the

eutectic, which he considers may be hexagonal cobalt crystals, but similar

hexagonal crystals have been observed in the undoubtedly cubic metals,

gold and copper.

The addition of cobalt to gold makes it brittle in a greater degree than
the addition of nickel. Hatchett found ^ that standard gold becomes brittle

if one-sixteenth part of cobalt is melted with it.

TABLE V.—Gold and Copper.

Percentage by Weight.
Atomic

Percentage.
All.

Solidification Temperature, ® C.

All. Cu. Beginning. End.

1 100 100 1,063°

2 98-33 i-67 95 1,034° 1,011°

3 94-42 5-38 85 978° 949°

4 90-29 9-71 75 934° 916°

5 86-0 14-0 65-93 890° 887°

6 82-0 18-0 59-5 884° 883°

80-0 20-0 56-34 886° 884°

8 69-90 30-1 42-94 900° 894°

9 50-87 49-13 25-00 942° 920°

10 30 70 12-55 1,018° 980°

11 14-02 85-97 5-00 1,056° 1,030°

12 100 1,084°

Hatchett, Phil, Trans., 1803, 93 , 43.
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Gold and Copper.^—Tkese metals are miscible in all proportions when
molten and solidify without segregation, forming solid alloys of sensibly

CONCENTRATION.
Eig. 18.—Thermal Equilibrium Curve of Gold and Copper.

1 Roberts-Austen and Rose, Proc. Hoy, Soc., 1900, 67 , 105; Kurnakow and Eemczuzny,
^eitseh. anorg, Chem., 1907, 54, 149; J. PAvav. and Chew. >Soc., 1907, 39 , 211.
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uniform composition. The freezing and melting-point curves are shown in

Fig. 18, the upper curve giving the temperature at which freezing begins,

and the lower curve those at which it is completed. The difference between

the curves corresponds to a pasty stage. The curve is constructed from

Table V. (p. 31), which is after Kmmakow and Zemcznzny.

The freezing point of the British coinage alloy, containing gold 916*6,

copper 83*3 parts per 1,000, is 949°, according to the curve in Fig. 18, or 951°

• according to Eoberts-Austen and Rose. The freezing point of the alloy with

gold 900, copper 100 parts per 1,000, is 931° by the curve. The alloy with the

lowest freezing point contains gold 820, copper 180, solidifying at 884° without

a pasty stage. This alloy is the only brittle member of the series, breaking

with conchoidai fracture, and, being homogeneous, resembles a eutectic,

but it is doubtful if it can be regarded as one. The other alloys are malleable

and ductile, breaking, with rough granular fracture after being nicked and
bent backwards and forwards.

In the solidification of alloys rich in gold, cores are formed of solid particles

containing a higher percentage of gold than the part remaining liquid, and
successive layers sohdify round the cores, each containing less gold than the

previous one, until the last portions to be soHdified form a network of copper-

rich material. The grains vary in size with the velocity of cooling, being

largest in slowly-cooled ingots. By long continued annealing the alloys

would probably become completely uniform in composition, but with an
increase in the size of the grains. After annealing the grains are nearly regular

polygons. Figs. 11 and 12 (pp. 16 and 17) show standard gold before and
after annealing.

In the solidification of alloys poor in gold, the cores are copper-rich, the

succeeding layers containing more and more gold. For microscopic study,

the alloys may be etched by aqua regia, or by ferric chloride in a hydrochloric

acid solution.

According to D. M. Liddell ^ gold and silver dissolved in large amounts
of copper tend to segregate, accumulating towards the bottom of a molten
charge. His results on a slowly-cooled culot were as follows :—

•

TABLE YI.

Silver, Ozs. per Ton. Gold, Ozs. per Ton.

Top, 53*14 5-86

Middle—Edge,
Centre,

53*08 5*82

59*92 6*18

Bottom, 69*58 6‘72

With gold and copper only, in a quickly-cooled culot, the results were
not so marked, and showed no definite law.

It has been pointed out by the author ^ that segregation takes place in

standard gold made brittle by small quantities of lead or bismuth, the presence

of 0*2 per cent, of either of these metals causing the centre of a sphere 3 inches

in diameter to be enriched in gold to the extent of about one part per thousand.

This is due to the fact, proved by Eoberts-Austen, that a eutectic alloy of gold

and lead remains molten after the remainder of the mass is solidified, and

^ Liddell, Eng. and Mng. X, 1910, 90 ,
418. * Rose, J. Chem. 80c., 1895, 67 , 552.

3
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is consequently driven towards the centre of the sphere, and that this fusible

alloy contains much gold but very little copper. Jefferson and Arnold/

and also Andrews/ by micrographic studies, confirmed the view which follows

from this, that brittleness in standard gold containing a little lead, bismuth,

tellurium, or certain other impurities is due to the presence of films composed

of such eutectic alloys separating the crystals of gold from each other, but

Osmond and Koberts-'Austen ^ were unable to observe these films in

quickly cooled ingots.

Standard gold, however, is made tod brittle for coinage by the presence

of a far smaller amount of lead than 0-2 per cent. The addition of 0-05 per

cent, of lead produces bars almost as brittle as those containing 0-2 per cent.,

and from researches by the author in the Royal Mint, it would appear that

0*01 per cent, of lead or even less renders gold unfit for coinage (see also

the Gold-lead alloys).

The alloys of gold and copper are less malleable, harder, and more elastic

than gold, and possess a reddish tint. Those with less than 12 per cent, of

copper are easily worked
;
when more than this is present they are more

difficult to work owing to their hardness. Since no change of volume occurs

wffien these alloys are formed, their densities may be calculated from those

of gold and copper. The densities of- gold-copper alloys as cast are given

in the following table :
—

^

TABLE VII.

Gold. Copper. Specific Gravity at 15°.

Per 1,000.

1,000

Per 1,000.

0 19-26

917 83 17-35

833 i 167 15-86

750 250 14-74

583 417 12-69

250 750 10-035

0 1,000 8-7

The densities of gold-copper alloys with large percentages of gold are given

by Roberts-Austen as follows,® at 0° compared with water at 4°, the metal
being in the form of discs compressed in a coinage press :

—

TABLE YIII.

Gold. Density. Gold, Density.

Per 1,000.

1,000 19-30
Per 1,000.

923 17-57

980 18-84 916-6 17-48

969 18-58 (Broch)
959 18-36 900 17-17

948 18-12 880 16-80
938 17-93 861 16-48
932 17-79

^ Jefferson and Arnold, Engineeering, 1896, 6 i, 176,
2 Andrews, ibid., 1898, 66, 541.
3 Osmond and Roberts-Austen, Phil. Tram., 1896, As 187

,
417.

4 Hoitseina, Zeitsch. anorg. Chem., 1904, 41 , 65.

Eoberts-Austen, Tth Ann. Report of the Mint, 1876, p. 44.
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Eecent determinations by tbe antbor at tbe Eoyal Mint of bard-rolled

standard gold (gold QIG-G, copper 83*3) give a density of 17*45 ± 0-005 at

0° compared with water at 4°. Tbe density of a sovereign is sometimes as

bigb as 17-48, owing to tbe presence of silver.

Many of tbe alloys bave been used for coinage at various times. Tbe
Greeks and Eomans, after electrum bad fallen into disuse, employed tbe

purest gold they could procure—viz., that from 990 to 997 fine. Under
tbe Eoman Emperors, however, copper was intentionally added, and in

tbe two centuries preceding tbe fall of Eome very base alloys were

used, some containing only 2 per cent, of gold or even less.^ In tbe

middle ages these base alloys were discarded, and tbe “ byzant ” of

Constantinople and tbe “ florin ’’ of Florence were both nearly pure gold,

while tbe first gold coins struck by tbe nations of Western Europe were also

intended to be absolutely fine. Tbe standard 916*6 or {i.e., 916*6 parts

of gold in 1,000) was adopted by England in tbe year 1526, tbe standard of

994-8, which bad been introduced in 1343, being finally abandoned in 1637.

Tbe 900 standard was introduced in France In 1794, and subsequently adopted
in other countries. These two standards are nc^ those most commonly used,

tbe English standard being employed by Portugal, India, Turkey, Brazil,

Chili, and Peru, and tbe French standard by all tbe other civilised countries

except Egypt, which has a standard of 875. Tbe Austrian ducat, however,

has a fineness of 986^, and that of Holland a fineness of 983, but these coins

are used only for trade purposes in Asia and Africa. Of all these alloys tbe

900 and 916*6 standards are those best adapted for coinage, keeping their

•colour fairly well, and resisting wear better than richer alloys. The 900

alloy is harder and wears better than tbe 916*6 alloy, but tbe difierence is

not great", tbe rate of wear depending less on such small differences of com-
position than on tbe mechanical and thermal treatment of tbe alloys during

the operation of coining.^ Tbe alloys used in coinage formerly contained

from two to twelve parts of silver per 1,000 in addition to tbe gold, but new
coins now generally contain only one or two parts of silver per 1,000.

Gold-copper alloys tarnish on exposure to air owing to oxidation of tbe

copper, and blacken on beating in air from tbe same cause. This oxidised

coating may be removed and the colour of fine gold (not that of tbe original

alloy) produced by plunging tbe metal into dilute acids or alkaline solutions,

tbe operation being technically known as “ blanching.” Tbe colour of some
alloys may be improved without previous oxidation by dissolving out some
copper by acids, a film of pure gold being thus left on tbe outside which can
be burnished. French jewellers use a hot solution of two parts of nitrate of

potash, one part of alum, and one of common salt for this purpose.

Nitric or sulphuric acid dissolves out tbe copper from gold-copper alloys

under conditions similar to those under which it removes silver from silver-

gold alloys. If tbe copper falls below 6*5 per cent, tbe alloy is not attacked

by these acids (Pearce). KeUer has shown ^ that when copper containing a
small proportion of gold is dissolved in nitric acid, part of the gold is dissolved,

and that more gold is dissolved from slowly cooled than from quickly cooled

alloys. Aqua regia dissolves all tbe alloys completely.

^ Roberts-AUvSten, Cantor Lecture, J. Soc. nf A7'i.% Aug. 18S4.
2 Roberts-Austen, 14th Aiin. Report of the Mint, 18S;^, p. 45, et seq,

3 Keller, Trans. Arner. Inst. Min. Eng., 1912, 43 , 582.
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Gold and Iron.—Isaac and Tammann,^ from a study of this series of alloys,,

have been unable to detect the presence of any well-defined compound. In
the fused state the metals are miscible in all proportions, and form an inter-

rupted series of isomorphous mixtures on solidification. The break in the
formation of these solid solutions or mixed crystals occurs at 28 to 63 per cent,

of gold. This break becomes greater at lower temperatures, owing to the
transformation of the iron into another aUotropic form. At 1,168° a second
series of isomorphous mixtures is developed, owing to the reaction of the
crystals containing 28 per cent, of gold with the fused mass. The minimum
point on the liquidus curve (1,040°) is reached on the gold branch at a point
corresponding to about 20 atomic per cent, of iron (or 5 per cent, of iron by
weight). This composition agrees with the formula Au4Fe. From this point,,

the liquidus curve rises steadily as the proportion of iron increases to 60
per cent., when the melting point is 1,405°. The curve then fiattens, but
continues to rise more gradually up to pure iron (1,520°).^

The transition temperature of iron is unaffected by the addition of gold..

The hardness of the alloy containing 10 per cent, of gold is rather greater
than that of pure iron, but beyond this point the hardness gradually diminishes,
and an alloy containing 70 per cent, gold is considerably softer than irom
The alloys generally are hard, of high tenacity, and both malleable and ductile,,

so long as the proportion of iron does not exceed 80 per cent. All the alloys

form with expansion and are hardened by quenching. The main difficulty

in preparing the alloys is due to the high melting point of iron, but iron is.

gradually taken up by molten gold at a temperature of 1,100° to 1,200°, and
more rapidly at higher temperatures. If cast iron, melting at 1,130°, is used,
this difficulty is avoided. It is obvious that gold and its alloys when molten
should not be stirred with an iron rod.

The alloys with 8 to 10 per cent, of iron are pale yellow, very ductile,
and take a beautiful polish. Those with 15 to 20 per cent, of iron are used
in France for jewellery under the name or gns. They are yellowish-grey,,
and, although hard, are not^ difficult to work. The alloy with 25 per cent,
iron {or bleu) is also used in jewellery. Alloys with 75 to 80 per cent, of iron
are silver-white in colour, and strongly magnetic.

Gold-iron alloys are not easily purified by cupellation, but the iron can.
be removed by sulphuric acid at 100°, if the proportion of iron is not too
small Nitric or hydrochloric acid niay also be used. The action is slow.
All the alloys dissolve completely in aqua regia.

Gold and Lead.—In 1905 Vogel ® constructed the thermal equilibrium,
diagram of these alloys. Supercooling, amounting to 30° to 50°, was observed
in the majority of the cases examined before solidification was induced either
by vigorous stirring or by inoculation.

The liquidus curve has four distinct branches (see Fig. 19), and is easily
followed. There are three eutectic points

; at a, 215° C. (gold 14-8 per cent.),
B, 254° C. (gold 27 per cent.), and c, 418° C. (gold 57 per cent.). Three series,
of isomorphous mixtures separate out in the whole range from gold to lead,
and a consideration of the time required for the crystallisation of the eutectic
shows (according to Tammann) the existence of two definite compounds

\Isaac and Tammann, Zdtsch. anorcj. Ghem., 1907, 53. 281-297; for earlier work on
influence of small quantities of iron on the properties of gold, see Hatchett, Joe. cit.and Wertheim, Ergzbd. 1848, 2, 73.

, t.

of the curve is given in T. K. Eose’s Precions Mfetals (1909), p. r)(J.
3 Vogel, ZetM. anorg. Chem., 1905, 45, 11-23.
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of the two metals—namely, AnPbg (32 per cent, gold) and AugPb (65*5 per

-cent. gold). The existence of these compounds has been confirmed by

microscopic examination. AuPbg undergoes a polymorphic transformation
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Fig. 19.—Thermal EcLuilibrium Curve of Gold and Load,
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at 211° C., and the conversion from the cc to the /? variety is reversible. This'

alloy forms long white needle-shaped crystals with rounded contours, while

the crystals of AugPb are larger, rhombic, and well-formed, thus easily dis-

tinguishable from the other constituents. Of the two compounds, AiigPb
is the more brittle.

The appearance of three series of intermediate crystals in the case of the

gold-lead alloys is particularly remarkable, and it distinguishes the latter

from the neighbouring and analogous systems in the Periodic Table.

Au — Tl, Au — Bi, Ag — Pb and Cu — Pb.

All alloys containing less than 70 per cent, of gold solidify below a red
heat.

In alloys containing 45 per cent, Pb three structural elements are observ-

able—^viz., (1) primary crystals of gold occurring in irregular forms
; (2) the

compound Au2Pb, which is almost completely surrounded by gold crystals
;

and (3) a eutectic. Alloys with 45 to 72 per cent, lead do not show primary
gold crystals, but large crystals of Au2Pb are plainly visible in the section.

These crystals are surrounded by a eutectic composed of the two compounds,
AugPb and AuPb2 . Prom 72 to 85 per cent, lead primary AuPba crystals

separate, and afterwards merely sohd solutions of gold in pure lead.

The alloys, which are aU brittle, range in colour from pale yellow through
greenish-yellow to bluish-white. All are formed with expansion.

Considerable attention has been paid to the influence of small proportions
of lead, bismuth, and tellurium on the chemical and physical properties of

gold.^ It^ is known that small quantities of lead increase the brittleness of

gold considerably, and particularly is this the case with coinage alloys, 0*02.

per cent, of lead being sufficient to cause cold-shortness.^ In pure gold 0*15
per cent, of lead produces slight brittleness. None of the earlier observations
resulted in any clear statement upon the significance of these mechanical
efiects and their relationship to the internal structure of the metal ; but it

is proved that even with the very small percentages of lead, certain hetero-
geneous constituents (see Gold-bismuth alloys) appear in the structure, to
which is attributed the rapid decrease in ductihty and tensile strength of

these alloys.

The vapour of lead, like that of bismuth, is absorbed by gold, making it

brittle.^

In the smelting of lead ores,^ the molten lead, which is formed in the
incandescent mass, acts as a very efficient collector of any precious metals
which may happen to be in the original ore. This mixture of lead, gold, and
silver, called “ base bullion,” is collected in the Arent’s syphon, or may be
tapped from the furnace. Almost the whole of the gold may be collected in
this manner, but only a proportion of the silver. Together with the base
bullion, there are also formed in the lead-smelting furnaces matte (containing
lead, copper, iron, and other metals in the form of sulphides), speiss (in which
the iron and arsenic are gathered), and slag. In copper smelting, the copper

•J.-J
Ymm

, 1803, p. 43; Roberts-Austen, Phil, Tram., 1888, A, 179, 339:.
1896, A, 187, 417; Heycock and Neville, J. Ghem. 80c., 1892, 61 , 909: Andrews,

JEngineering, 1898, 66 , o41
;
Jefferson and Arnold, Md., 1806, 61

, 17G: T. K. Rose,
Ann. Report of the Mint, ,

,

! .... ® Hatchett, lor. cit.
J^or the extraction of gold from its ores by smelting with lead, see Collins, Mrtalf urgiP
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matte there produced is the collector for the gold and silver, and it is found
that here, too, the gold is absorbed more readily than the silver. In lead

smelting, however, the lead is more efficient than the matte in extracting the

gold, as its abihty to take up this metal in solid solution is very marked.

This win be seen to be in accordance with what has already been said con-

cerning the gold-lead alloys.

The impurities in lead bars, with the exception of silver and gold, collect

nearer the top than the bottom when the bars are slowly cooled, the differ-

entiation being probably due to the differences in the specific gravities of the

various constituents. Hofman ^ quotes figures to show that the precious

metals concentrate more on the bottom when the bars are rapidly cooled.

This liquation or, more correctly, segregation makes it necessary that due

precautions should be taken in samphng such bars, in order to obtain a

representative portion (see Sampling, Chap. XX.).

In the Pattinsonisation of lead containing gold, the eutectic aUoy con-

taining 14*8 per cent, of gold remains as the mother liquor, which cannot be

enriched beyond this point. The gold is separated from the alloys by cupel-

lation (q/v.), or by dissolving the lead in nitric acid.^

Gold and Magnesium.—^^According to Vogel and Urasow,^ compounds are

formed, the melting points of which are as follows :

—

TABLE IX.

Vogel. Urasow.

AuMg, . 1,160^^ C. 1,150° C.

AuMga, 796° C. 788° C.

AUaMg;.,, 798° 0.

AuMg;,, 00 818° C.

The reaction between gold and magnesium is violent, and both investi-

gators had recourse to special methods. Vogel melted the magnesium in an
atmosphere of hydrogen and added the gold to the melt in small quantities.

He found that alloys containing less than 27 per cent, of magnesium did not

attack the porcelain tubes, even at 1,300^^ C., but that those containing more
than this amount formed magnesium sihcide very readily with the sihca of

the enclosing vessels. Urasow heated the components in the proportion

required to form the compound AuMg in a graphite crucible enclosed in an
iron cylinder provided with a screw cap. Combination occurred at 700° C.,

and to the melt sufficient gold or magnesium was added under a layer of

fused alkali chloride to form any particular alloy. The melting under these

conditions was quiet.

CTold forms solid solutions with magnesium up to about 30 atomic per

cent, of the latter metal (or about 5 per cent, by weight). The eutectic between
pure gold and the point of formation of the compound AuMg at 1,150° C.

occurs at 827° C., corresponding to a concentration of 5*7 per cent, of mag-

^ H. 0. Hofman, Metallurgy of Lead (5th edition), p. 347.
^ For full particulars of the Pattinson and zinc X)rocesses of separating gold and silver

from lead, see Collins, op. cit.

3 Vogel, Zeitscli. anorg. Chem., 1001), 63, 1(:0-1S3
;
Urasow, ihid., 1900, 64,375-396; Vogel

and Urasow, 1910, 67 * 442.
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nesium. The eutectic range is from 5 to 5*7 per cent, of the base metal.

Between the maxima on the melting point curve corresponding to AuMgg
and AuMg3 the eutectic occurs at 770^ C. and 70 atomic per cent, of mag-

nesium.

The other two eutectics are as follows :

—

AuMg AuMgg, .
783"" C., 65*5 atomic per cent. Mg.

AuMg2 — Mg, . 576° a, 93

Metallic magnesium absorbs but little gold in the crystallised state.

Magnesium-gold alloys containing up to 18 per cent, of magnesium retain

the yellow colour, but all others are silver-grey. Alloys with 33 to 66 per

cent, of the base metal are brittle, with a maximum hardness of 5, and have

a glassy fracture. They are stable in air at the ordinary temperature, and
only those tarnish which contain free magnesium. Swelling and disintegration

is noticed in alloys with 34 to 25 per cent, of gold at about 600° C. Dilute

acids attack all alloys containing more than 60 per cent, magnesium. Con-

centrated acid is required for 50 to 60 per cent, alloys, while below this con-

centration aqua regia must be used. Alloys rich in gold may be etched with

hydrochloric acid and bromine ;
those poorer in gold may be treated by

simply rubbing with a wet chamois leather.

Gold and Mercury—Amalgams.—A piece of gold rubbed with mercury
is immediately penetrated by it and becomes exceedingly brittle. The ductility

is not always restored when the mercury is removed by distillation, a crystal-

line structure being often induced, perhaps because part of the mercury is

retained by the gold. A particle of gold “ wetted ” by mercury at once loses

its colour. A solid amalgam is formed, but is not readily dissolved in an excess

of mercury.

The amalgams of gold were studied by Bottger early in the last century,

and detailed descriptions by Sonnenschein ^ and Eammelsburg (1863, 1866)

are known, but these eaiher workers devoted themselves mainly to quali-

tative work. Henry ^ had obtained an amalgam in which he showed
the solubility of gold in mercury to be 0*14 per cent., and also demon-
strated the formation of a liquid phase in the series of alloys. Kasantsefl ^

isolated the crystals at various temperatures by passing the liquid amalgam
through a glass tube of 0-15 to 0*40 mm. diameter, and found the following

figures for the solubility :

—

Temperature. ‘ Percentage solubility.

0°, . . . . . . 0*110 per cent. gold.

20°, *126

100°, *650

These results are in agreement with those cited by Henry (0*14 per cent.)

and by 6ouy (0*13 per cent.).

Tammann has studied a small portion of the liquidus curve corresponding
to the addition of minute quantities of gold to mercury, and finds that the
melting point of the latter is raised.

^ Sonnensclieiu, Zeitsch. der Deut. geologischcn Ges.

,

1854, 6
, 248.

^ Henry, Phil. Mag., 1855, [iv.], 9, 46a
^Kasantseff, Pull. Soc. chim., 1878, 30 , [ii.], 20.
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Percentage addition of gold.

0-006 per cent. An,
•012

•025

Rise in M.P

. 0 -1
°

. -r

The cnrve has a steep ascent, with which the sparing solubility of gold
in mercury is in agreement.

The composition of the sohd phase has been investigated by many
workers, and the results obtained have been often at variance. Crookewitt ^

obtained a crystalline residue containing 32*75 per cent, gold by filtration

of the amalgam through chamois leather. This composition corresponds to
the formula AuHgg. Henry repeated this experiment, and obtained a residue
with 86 per cent, of gold by weight. Knaffl^ noted that the quantity
of crystals in the pulpy amalgam appreciably increases with a falTin tem-
perature, and in more recent years Fay and North (1901), by centrifuging the
amalgam, have succeeded in isolating a residue corresponding to the com-
position Au4Hg.

Wilm^ dissolved gold in sodium amalgam, and obtained results which
were somewhat different from those of previous workers. The solution
of gold in the sodium amalgam was boiled repeatedly with nitric acid, and
crystals remained which contained 9*71, 11*45, 9*67, and. 5*45 per cent, by
weight of mercury. Henry ^ had also obtained a similar residue, containing
11*26 per cent, of mercury, which would correspond to the formula AugHg.
The contention that these crystals were not attacked by nitric acid is opposed
by KasantseS and Knaffl, but it has been more recently shown that with alloys
having higher gold content than the above the attack by nitric acid is con-
siderably reduced, which would tend to prove that in alloys containing up
to about 10 per cent, of mercury the latter enters into a state of solid solution.

The maximum amount of mercury, however, which can be absorbed by
.solid gold is much greater. Thus a native amalgam of gold, AugHgg, is found
in small yellowish crystals of specific gravity 15*47 in the native mercury of

Mariposa, in California, containing gold 39*02 to 41*63 per cent., mercury
60*98 to 58*37 per cent. An amalgam of gold and silver occurring in white
.soft grains at Choco, New Granada, contains 38*39 per cent, gold, 5*00 per
cent, silver, and 57*40 per cent, mercury.® By treating 1 part of gold with
50 parts of boiling mercury, keeping it heated for some days, allowing to cool,

and carefully squeezing, Louis ® obtained a hard alloy of gold and mercury,
crystallising in silver-white, long delicate interlacing needles, and consisting
of 41*43 per cent, of gold and 58*57 per cent, of mercury, thus corresponding
exactly to the composition of native amalgam, but having a different crystal-

line form.

Schnabel and Louis state that amalgam containing 90 per cent, of mercury
is fluid, that with 87*5 per cent, is pasty, and that with 87 per cent, forms
yellowish-white crystals. They give no evidence as to the truth of these
doubtful statements. In practice in gold mills, the solid amalgam filtered

1 Crookewitt, J, praJct, Chem., 1848, 45, 87 ;
Ann. Chini. Pharni., 1848, 68 , 289.

2 Knaffl, Dimjl. Poly. J., 1SG3, 168 , 88^
^
’Wilm, ZciUch. anorg. Chem., 1898, [iv.],. 325.

^
Henry, Phil. Mag.^ 185.5, 9, [iv.j, 468.
Rammelsberg’, Mineralchcmie-t p. 10 ; Watt, Dictionary of OhcMistry, 1864, 2 , 927.

® Louis, Handbook of Gold Milling, 1894, p. 82.
’ Schnabel and Louis, Handbook of Metallurgy, 1905, i, 924.
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off from the mercury by squeezing it through chamois leather usually contains

about 1 part of gold to 2 parts of mercury, but it is doubtful whether this is

a homogeneous mixture. The composition of a saturated solid solution of

mercury in gold may, therefore, be regarded as unknown, with a presumption

in favour of the view that merciuy is present to the extent of not less than

60 per cent. This saturated solid solution is “ wetted ” by fresh mercury,

but if more mercury is added the excess can be removed by filtering under

pressure. Pasty amalgam is left in the filter bag, and becomes “ drier and

less pasty the more the pressure is increased, until the whole of the liquid

phase has been removed. The amount of pressm’e, however, does not alter

the composition, either of the liquid or the solid phase.

On the application of heat, crystals of gold amalgam lose their contained

mercury, but without change of their shape, and to some extent they retain

their surface lustre. From the crystal structure it would appear that after

heating, a porous mass remains, in which the interstitial spaces are the places-

from which the easily volatihsed component

—

i.e., the mercury—has been

removed. The original outer shape, however, is preserved. Similar

phenomena of residual porous structure have been observed in the case

of other amalgams, such as those of chromium and manganese.

From an observation by Souza ^ that at a concentration corresponding

to the formula AugHg a decided diminution in the rate of evaporation of

the mercury occurred, it was concluded that there should exist a compound
having this formula. But it was shown later by Merz and Weith^ that

these crystals still continue to give off their mercury very slowly after

this particular concentration has been passed, and figures are given to prove

their contention (see Table X.).

TABLE X.

Boiling Sulphur.
444® C.

Boiling Mercury.
353® C.

310® C.

Time .

(Hours).

Per Cent.
Mercury

in Residue.

Time
(Hours).

Per Cent.
Mercury

in Residue.

Time
(Hours).

Per Cent.
Mercury

in Residue.

20 1-07 24 2*03 24 7-8G
44 0-40 75 1-75 48 5-3

60 0-33 114 1-48 75 4-5

134 1-43

It has been noted as a general principle that the tendency to form inter-

mediate series of crystals diminishes with rise in the atomic weight in the
same periodic system. Such crystals do appear in the case of copper and
silver amalgams, and in the former more readily than in the latter, so that
it is not surprising that they are absent in the gold amalgams.

It has been shown by MacPhail Smith, ^ in studying the phenomena of

diffusion that gold does not dissolve in mercury in the form of free atoms,

1 Souza, Ber., 1876, 8 , 161G ; 9 , 1060.
2 Merz aud Weitb, Be?\, 1881, 8, 161(J ; 9 , 1050 ; 14 , 1438.
®MacP. Smith, Ann. 1908, 25 , [iv,], 252.
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but as molecules of tbe type Au^Hg, and that altbougb intermediate crystals

liave not been obtained in tlie series, nevertheless compounds of Hg and Au
do appear to be formed in the liquid phase.

The composition of the amalgam recovered in mills varies considerably.

It may be regarded as a collection of little nuggets of gold, coated and partly

saturated with mercury. The amalgam sinks to the bottom of the mercury.
Coarse particles of gold are not saturated with mercury to their centres,,

although the outside layers of the particles consist of a saturated solution

.

The saturation of the interior, depending on the difusion of mercury through
solid amalgam, would probably not be complete for many days. The finer

{i.e., smaller) the particles of gold, the more nearly the interior approaches

to saturation. It follows that coarse gold gives rich amalgam, and fine

gold poor amalgam. The limits are pure gold on the one hand and a saturated

solution of mercury in gold on the other, neither of which exist in practice.

The practical limits are amalgams containing about 50 per cent, and 25 per

cent, of gold respectively. These gold amalgams usually contain impurities

in the shape of amalgams of silver and of base metals, as well as non-metallic

substances. The actual value of squeezed amalgam consequently varies

from £2 to a few shillings per ounce.

When amalgams are gradually heated, the mercury is distilled of by
degrees, the action soon ceasing if the temperature is allowed to become
stationary, and distillation recommencing if it is again raised. At 440*^

(somewhat below a red heat), an amalgam containing about three parts of

gold to one of mercury is obtained, and at a bright red heat almost all the

mercury is expelled, and if the heating has not been pushed too rapidly

the vapours contain but little gold. According to Louis,^ when properly

heated the gold retains 1 to 1|- per cent, of mercury, and the mercury vapours

contain 0*005 per 1,000 of gold. The gold obstinately retains a little mercury,

which is not driven of below the melting point of gold.

Gold and Nickel.—These alloys have only recently been systematically

studied by Levin, ^ although Lampadius^ showed that gold alloyed com-
pletely with nickel, this being contrary to the behaviour of the latter metal

with silver. C. Hatchett ^ had also made observations upon alloys con-

taining gold and nickel, with the view to testing their suitability for coinage

purposes. Levin evolved the equilibrium curve from a study of the thermal

properties of the series of alloys.

Alloys with 5 to 20 per cent, nickel and 50 to 70 per cent, nickel show
a crystallisation interval, and the two branches of the liquidus curve intersect

at a temperature of 950° C., corresponding to a composition of 53 atomic

per cent, of the base metal. There is no evidence of the formation of a com-
pound between the two metals, as no maximum was obtained in the curve

nor an}^ change in direction in either branch. On the one branch of the curve

a saturated solution of nickel in gold separates, and on the other a saturated

solution of gold in nickel. From the data he obtained, and the fact that

the eutectic crystallisation is very marked only with the alloy containing

40 per cent, nickel, the curves for the other alloys showing only a break,

Levin concluded that on what appeared to be the eutectic horizon no real

eutectic alloy separated, but rather that there occurred a simultaneous

solidification of two series of isomorphous mixtures. This conclusion was

^ Louis, loc. cit. 2 Levin, ZeiUch. anorcf. 11)05, 45 , 238-5^2.
^ Lainx:)adius, Schweiffc/, Jonrn.^ 1814, p. 174. ^ Hatchett, loc. dt.
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confirmed by microscopic examination. Alloys containing 5 to 10 per cent,

of nickel are mostly komogeneons, while those with 20 to 90 per cent, of this

metal show two contiguous structural elements, one easily and the other

slowly attacked by nitric acid.

Alloys, too, whose nickel content is greater than that of the eutectic,

are more readily attacked by nitric acid when they are slowly cooled than

when they are quenched.

The transformation point of nickel-gold alloys lies very near the trans-

formation temperature of pure nickel (323°)

—

i.e., the temperature of

transformation of pure nickel from the a to the p variety is not appreciably

altered by the addition of pure gold.

Similar results to the above have been obtained from a study of the

magnetic properties of the alloys. At the transformation temperature of

pure nickel, and passing from a higher to a lower temperature, there is

formed a material of very slight permeabihty from one of much greater

permeability.

Hatchett found ^ that the alloy, gold 916*6, nickel 83*3 parts per 1,000,

is of the colour of fine brass, and breaks under the hammer with a coarse-

grained earthy fracture, and that one-sixtieth part of nickel in standard

gold makes it slightly brittle, but, according to Lampadius, the alloys are

ductile, although hard and susceptible to polish. They range in colour

from yellow to white, and are magnetic.

Gold and Palladium.^—Berzelius ^ records the finding of a natural

gold-palladium alloy at Porpez, in Brazil, which contained 85*98 per cent.

Au, 9*86 per cent. Pd, and 4*17 per cent. Ag. Mallet ^ also quotes a case of

the occurrence in Brazil of a native alloy of almost pure palladium and
gold of the following composition :—^91*06 per cent. Au, 8*21 per cent. Pd,

traces of silver and iron.

Gold containing 10 to 20 per cent, palladium is nearly white, and is hard

and ductile. The 50 per cent, alloy is iron grey in colour, and is not ductile.

Gold and palladium form a continuous series of isomorphous mixtures,

the equilibrium curve, therefore, being a simple curve concave to the axis

denoting composition, and having only a small interval between the solidus

and the liquidus. It is worthy of note that palladium also forms unbroken
series of solid solutions with silver and copper.

The melting point of palladium is lowered 7° by the addition of 10 per

cent, of gold, and that of gold is raised 207° by 10 per cent. Pd. The
hardness increases with, the palladium content up to 70 per cent, of that

metal, but beyond this point it decreases. The electrical conductivity and
the temperature coefficient sink to minimum values at 55 per cent, of

gold, while the tensile strength has a maximum at 73 per cent, of gold.

The thermo-electric power, as measured against platinum, has the greatest

value for an alloy containing 60 per cent, of gold.

The capacity of palladium for occluding hydrogen is lowered by the
addition of gold. Graham® showed that a 50 per cent, alloy exhibits an
appreciable diminution in the power of palladium to absorb hydrogen as the
following figures show :

—

1 Hatchett, loc. cit.

2Gubel, £^eit6'ch, anovy. Oheni., 1910, 69, 38; Riier, ibid., 1900, 51 , 391-0.
3 Berzelius, Poyg. Amialen^ 35, 514.
^ Mallet, Cherti. Neivs, 1SS2, 46, 216.
^Graham, Proc. Pay. Sor., 1809, 17, .500.
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Volume of hydrogen absorbed
(in times own volume).

Pure palladium, . . 956*3

50 per cent, alloy, . . 459*9

More recently Berry,^ by using a cell in wMcb the cathode was composed
of a palladium-gold alloy and the anode of pure platinum, has obtained
results showing that 1 gramme of pure palladium absorbs 70 c.c. of hydrogen
under normal conditions, and that this value decreases in a straight line

to zero for alloys containing less than 25 per cent, of palladium.

Gold and Platinum.-—^Like palladium, platinum forms an unbroken
series of solid solutions with gold (see Pig. 20). Observations have been
undertaken by Erhard and Schertel (1879) and Dorinckel,^ although no
results were obtained for alloys containing over 60 per cent, of platinum.

However, it is probable that no great variation from the curve given in the
figure will be found on further investigation.

Barus ^ has investigated the electrical properties of the alloys, and his-

results support this view.

Additions of platinum to pure gold raise the melting point of the latter,

and form malleable alloys. Up to 30 per cent, of platinum the yeUow colour

of gold persists, though in a diminishing degree, but alloys with a greater-

proportion of platinum assume the white colour of the latter element. An
alloy of 75 per cent. Pt and 25 per cent. Au resembles grey cast iron in its.

hardness and brittleness.

It has been shown by Edward Matthey ^ that ingots containing 5 to 20*

per cent, of platinum do not possess a homogeneous structure. Segregation

occurs, and the platinum is concentrated in the interior.

The following table is a summary of the principal figures obtained

by him from experiments on cast spheres of metal, 3 inches in diameter :

—

TABLE XI.

Alloy.

Maximum
Difference in
Assay between
Centre and
Outside.

Remarks.

1 . Au, 900
Ft, 100

Per 1.000.

58-9

2 . 30-6 Heated in oil furnace, melted several times,

and thoroughly stirred.

3. 19-7 No. 2 alloy remelted.

4. 1
27*2 No. 3 remelted in oxy-hydrogen flame in

lime furnace.

5. Au, 100

Pt, 9.00

6-9
!

Melted in oxy-hydrogen flame in lime fur-

nace several times, and mixed thoroughly
before pouring.

6. Au, 250
Pt, 750 *

2-5 Max. difl. between intermediate and out-

side = 7*7 per thousand.

1 Berry, J. C%em. Soc., 1931, 99, 463-6. ^ Dorinckel, Zeitsch. anorg, Chem.t 1907, S4» ^45..

3 Barus, Ama\ J. Sci., 1888, 36 , 427. * Matthey, Phil Tram., 1892, A, 183 , 629.
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Fig. 20.—Thermal Equilibrium Curve of Gold and Platinum.

Table XL shows that much depends on the temperature of casting,

.and that even where the pktinum constitutes the major portion of thc^

material, it is still concentrated in the interior of the sphere.
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Platinum cannot be separated from gold by tbe ordinary methods of

cupellation and parting. Both metals are dissolved by aqua regia,

however.

Gold-platinum alloys are used in dentistry in the form of wire, and for

some varieties of filling.

Gold and Silver.—Gold and silver are miscible in all proportions, form-
ing an uninterrupted series of solid solutions (or isomorphous mixtures)

with properties intermediate between those of the two metals. The first

additions of silver do not perceptibly lower the melting point of gold, so

that gold parted from silver by nitric acid, and containing about 999 parts

of gold to 1 of silver, can be used instead of pure gold for calibration

purposes in testing pyrometers, by observing the melting point, with

very little error. The curve of equilibrium has been traced out by
several observers^ (see Eig. 21).

Janecke’s table of solidification points is as follows :

—

TABLE XII.—Solidification Points of Gold-Silver Alloys.

Composition.

Bocriniiin" of

.SolkUncjiiion.

®C.

End of

Solidification.

°C.

Gold, 100, . 1,064°

„ 94, silver, 6, . . 1,060° 1,053°

„ 88|, Ill,

.

1,054° 1,042°

. 81|, » ish . 1,047° 1,035°

„ 73i, » 264, • 1,036° 1,026°

,, 64|, „ 36L . 1,031° 1,018°

„ 541-, „ 454, . 1,015° 1,003°

» 564, . 1,007° 997°

» 32, „ 68, . 993° 982°

. 18, „ 82, . 977° 970°

Silver, 100,
I

961-5°

The first additions of gold to silver raise its melting point.

The alloys are homogeneous, malleable, soft, and ductile. They are suit-

able for the material of trial-plates, as they are uniform in composition.

The colour of gold is sensibly lowered by the addition of very small quantities

of silver, and, on increasing the proportion of the latter, the colour changes

by tints of a greenish-yellow (when from 20 to 40 per cent, of silver is present)

to a faint yellowish-white (when 50 per cent, of silver is present), and white

with a scarcely perceptible yellow tinge (when 60 per cent, of silver is

present). The yellow colour finally disappears when some proportion

between 60 and 70 per cent, of silver is present. The alloys containing small

quantities (less than 20 per cent.) of gold are said to separate by gravity

into two parts if kept for some time in a state of quiet fusion
; an alloy

containing one part of gold to five parts of silver sinks to the bottom,

and slightly auriferous silver floats at the top.

The silver-gold alloys most used in jewellery are said to be green gold

{silver 25, gold 75), dead-leaf gold (silver 30, gold 70), and the alloy containing

^ Roberts-Austen and Rose, Proc. Roy, Roc., 1S02, Jl, 161; Raydt, Zcitnch. anon/. CheM.,

1912, 75, 58; Jiinecke, Mctallurcjic, 1911, 8, 597; Heycock and Neville, Phil. Tmns., 1807,

A, 189, 09.
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CONCENTRATION.
Fig. 21.—Thermal Eq^uilibrium Curve of Gold and Silver.

40 per cent, of silver. Triple alloys of gold, silver, and copper are employed
far more frequently by English jewellers than those last mentioned

;
of

these, the alloys consisting of 22-, 18-, 15-, 12-, and 9-carat gold respectively.
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can be. Hail marked.^ The relative amounts of silver and copper in these

alloys is very variable, and the lower standards often contain zinc. The
following are typical alloys :

—

TABLE XIIL

Gold. Silver. Copper, etc.

22 carat, 916*7 20 63*3

18 „ 750 125 125

15 „ 625 100 275

12 „ . ! 500 100 400

9 „ 375 100 525

Other analyses are given by E. A. Smith.^ The melting points of these

triple alloys are given by Janecke.^

Alloys of gold and silver were much used for coinage before the methods
of parting became well known and inexpensive.

Electrum includes pale yellow alloys with from 15 to 35 per cent, of silver.

It occurs native, and was much used for ornaments and coins by the Greeks

and Romans, and by the nations which acquired their arts. It was the metal

used for the earliest known coins, which were made by Gyges in Lydia about

B.c. 727. Rods of electrum, containing gold 651 parts, silver 334 parts per

1,000, were used as money in Asia Minor at an earlier period.^ The use of

silver in the gold-copper coinage alloys was not discontinued until quite

recently, aU English guineas and the Australian sovereigns manufactured

at Sydney up to the year 1871 containing some of it.

Both nitric and sulphuric acids attack silver-gold alloys, almost com-
pletely dissolving out the silver if it is present in amounts variously stated

as at least 60 to 70 per cent., while, if the proportion falls below 60 per cent.,

some of the silver is left undissolved with the gold. Hydrochloric acid

TABLE XIV.

—

Densities oe Gold-Silver Alloys.

Gold. Silver. Specific Gravity at 15°.

Per 1,000.

1,000

Per 1,000.

0 19*26

917 83 18*08

879 121 17*54

843 157 16*96

750 250 16*03

667 333 15*07

500 500 13*60

333 667 13*00

250 750 11*78

167 833 11*28

0 1,000 10*45

^ 22-carafc gold contains || by weight of fine gold, and so on. For details of these alloys

see Gee, Goldsmith’s Handbook, pp. 41-52.
2 E. A. Smith, The Sampling and Assay of the Precious Metals (1913), p. 323.
® Jiinecke, loc. cit,

^ Schliemann’s Ilios, p. 496. London, 1880. See Roberts-Austen, J. Soc. Arts, Ang. 1884.

4
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scarcely attacks tkese alloys, and the action of aqua regia is soon arrested

if tke proportion of silver is considerable. They may be dissolved by a

mixture of nitric acid and a concentrated solution of common salt.

The densities of the alloys of silver and gold are as in Table XIV.^

Tellurium and Gold.—^For the gold tellurides occurring in nature, see

p. 81.

By heating gold in the vapour of tellurium, Brauner ^ proved that the

affinity between these substances is smaller than between tellurium and

either silver or copper. He also showed the formation of what he considered

to be a compound having the formula AugTe, which, when heated, lost some

of its tellurium and became enriched in gold. The existence of such a com-

pound, first asserted by Margottet, and here again published by Brauner,

is contested by Coste,® who, from a microscopical study of the alloys, and

also from experiments on the potential gradients obtained in solutions of

nitric acid, obtained no evidence of its formation.

Lenher ^ has more recently studied the efiect of heating this product at

various temperatures and for various lengths of time. He found that after

six hours’ heating the exterior of the alloy remained golden, while the interior

had assumed a much paler colour, approximating to white. He also found

that by treating gold-tellurium alloys with sulphur chloride or nitric acid,

pure gold was obtained. Moreover, the alloys precipitated gold from gold

solutions, just as pure tellurium and the natural tellurides did. From these

results Lenher concludes that both the natural and artificial tellurides are

mixtures only, and not compounds. It may be taken as proved that com-
pounds of gold and tellurium cannot be formed by precipitation, and that

in any case they are easily decomposed.

Berzelius'® believed he had obtained gold telluride by passing HgTe into

a solution of gold chloride, but more recent attempts to produce gold tellurides

by the action of (1) excess of hydrogen telluride, (2) sodium telluride solu-

tion, on solutions of gold chloride have failed, pure gold being precipitated

in every case. Dr. Tibbals ® has also endeavoured to prepare a compound
of the two elements by the reaction between sodium telluride and sodium
sulphaurate solutions in an atmosphere of hydrogen, but obtained precipi-

tates of varying composition with different concentrations of the reacting

solutions, from which no definite conclusions could be drawn.

The bearing of the above observations on the natural occurrence of gold

tellurides is interesting. Gold is transported from place to place in the form
of a solution of one of its compounds, and these solutions, on meeting others

containing tellurides, or on coming into contact with masses of telluride

ores, throw down their gold. It may be also, as Van Hisc points out,*^ that
the solutions containing gold and tellurium respectively meet under reducing
conditions, when both elements will be deposited, forming non-honiogeneous
mixtures. Actual observation does, in fact, show that the occurrence of

tellurides is largely in the zone of reduction.

Concerning the common minerals containing both silver and gold in the

1 Hoitsema, Zeitsch, anorg. Chem., 1904, 41 , CG. These results agree closely with those
obtained by Matthie.ssen, Proc. Hog. Sog., 1859, lo, 12.

* Brauner. J, Chein. Hoc.j 1889, 55, 891.
^ Ooste, Compt. o'end., 1911, 152 , 859-802.
^ Lenher. Economic Geology, nji)9, [iv.]. No. 6.
® Berzelius, Pogg. Annalen, 1820, 8, 178.
« Tibbals, Bull, Univenityof Wisconsin, 1909, No. 274 ;

J. Amer, Chon, Boc., 1909, 31 , 902.
’Van Hise, Treatise on Metamorphism, p, 1122.
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form of tellurides, it is probable tbat the two metals are carried in solution

.as cblorides along with an alkaline chloride, and that this mixture is met
by another containing tellurides in association with sulphides, causing the

•deposition of more complex mixtures.

The thermal curve for the equilibrium between these elements has been

.studied by Eose,^ von Pelabon,^ and Pellini and Quercigh^ (see Pig. 22),

.all of whom are in agreement that there is a maximum at the point A
•corresponding to a concentration of 44 per cent, of gold (AuTcg), and a

temperature of about 470° C. (Pellini and Quercigh). It will be noticed that

this is the formula assigned to the natural mineral calaverite. It appears,

therefore, to follow that the compound AuTeg, whether natural or artificial,

•can only be formed on solidification from fusion. ISlo other compound exists.

The curve exhibits two eutectics, which occur at 39 per cent., B (Pig. 22),

.and 79 per cent, of tellurium, C, respectively. The corresponding eutectic

temperatures are 450° C. and 416° C. (Pellini and Quercigh), or 432° C. and
.397° C. (Eose).

The solubihty of tellurium in gold crystals is very small, if any, and
•consequently its efiects on the mechanical properties of gold are great. As
with lead, minute quantities (0*025 per cent.) cause extreme brittleness in

gold, rendering the commercial working of the latter impossible. (See Gold-

bismuth and Gold-lead.)

Gold containing small quantities of tellurium is remarkable for the fact

that on anneahng at a low red or black heat it becomes more brittle than
before anneahng. This appears to point to the conclusion that tellurium

is slightly soluble in solid gold (forms an isomorphous mixture) at high

temperatures, and less soluble or insoluble at low temperatures.
,
Bismuth-

gold is unaltered on annealing, but lead-gold becomes less brittle, the lead

.appearing to pass into solution at the annealing temperatm^e.^

On heating in air, the tellurium in alloys burns to oxide, leaving

moderately pure gold, which remains brittle from the presence of tellurium.

Gold and Thallium.—Eoberts-Austen,® alone and also in conjunction with

Osmond, investigated the effect of small additions of 0*2 per cent, of

thalhum on the physical properties of solid gold. It is a little uncertain

whether the measurements applied to the stable alloys, but it was shown
that even very small quantities of thallium acted like lead, causing

extreme brittleness in the gold, especially on heating. From a study of

the equilibrium curve, as given by Levin,® this can be easily understood, foi-

at very small concentrations of thallium the alloys contain it in the form of

heterogeneous particles, which begin to melt at the eutectic temperature
(131° C.), and which, moreover, are themselves very soft, and thus further

diminish the strength of the alloy.

The full temperature concentration diagi'am derived by an application

•of Tammann’s thermal method of analysis is of a very simple nature, being

composed of two branches in the liquidus meeting at a single eutectic at 131° C.

(27 per cent. Au). It affords no evidence of the formation of a compound

^ T. K Rose, Trans. Inst. Mm;, and Met , 1907-8, I7» 285.
2 Von Pelabon, Compt rend.. 1909, 148, 1170-7.
2 Pellini and Quercigh, J. Chem. Soc., 1911, 100, [ii.], 45; Atti R. Acaad. Lined, 1910,

i[v.], 19, ii., 445.

T. K. Rose, 33rc^ Ann. Report of the Mint (1902), p. 73.

5 Roberts-Austen, Phil. Trans., 1888, A, I79i 339 ; 1896, A, 187, 417 ;
Contr. a Vitude,

.des allkujes, 1901, 71; Bidl. Soc. d'ennour, 1896, [v.], i, 1136.
« Levin, Beitsch. anorg. Chem,., 1905, 45, 31-38.
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Eio;. 22.—Thermal Equilibrium Curve of Gold and ^rolhiriutu.

and this is confirmed by microscoxfical examination. Levin observed that
the yellow crystals of the gold show zoned colourings from the centre to the
peripheiy of the individual crystals, whence it may be inferred that x)ossibly
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-quite appreciable amounts of tballium may be absorbed by gold on reaching

the equilibrium state (ie., on annealing the brittleness should disappear).

-Gold dissolves in thalhum crystals only to a small extent.

The thallium-gold eutectic melts at a lower temperature than any other

alloy of gold except amalgam. A very small quantity of thallium causes

a long pasty stage in the sohdihcation of gold, terminating at 131°.

Gold and Tin.—^Mathiessen,^ Von Maey,^ Le Chatelier,^ and Guertler ^

have investigated the electrical and other physical properties of these alloys,

while the electro-chemical properties have been observed by Eaoult,® Mylius

and Fromm,^ Laurie,^ and Le Ghatelier. One interesting feature of the curve

showing the relationship between the electro-chemical potential and the

concentration is that on passing the point corresponding to a composition

represented by AuSn there is a greater increase in the potential than one

would be led to expect for this alloy. Heycock and Neville ® studied the

efiect of small additions of gold—^never exceeding 4 per cent.—on the melting

point of pure tin. They found that 10 per cent, of Au lowers the melting

point of tin by 18° C.

Vogel’s ^ curve of thermal equihbrium is given in Fig. 23. He has also

compared the curve with the curves of (1) electrical conductivity (Mathiessen),

{2) electro* chemical potential (Laurie), (3) specific volume, to the first two
of which reference has already been made. From the melting point of pure

gold the liquidus falls very sharply to a eutectic at 280° C. (A, Fig. 23), and
20 per cent. tin. In this range there separate primary crystals of gold, sur-

rounded by mixed crystals of gold and tin, together with small portions of

eutectic. The curve rises again to a maximum, B, at 418° C. and 37*63 per

cent, tin, denoting a compound with the formula AuSn, which separates in

round dendritic crystals. Another eutectic appears at 217° 0. and 90 per

cent, tin, the point C, two breaks occurring intermediately at 308° and

60 per cent., and 258° C. and 80 per cent. tin. In addition to the compound
AuSn, two others, AuSn2 and AuSn4 ,

have been detected, and are formed
on perieutectic horizontals at the two breaks at 308° C. and 258° C. respec-

tively.

The compound AuSn is formed with slight dilatation of the volume of

the reacting mixture. It has a metallic, silver-grey appearance, and is hard

but brittle. Its electrical conductivity is greater than that of all other

gold-tin alloys, except those with 95 per cent, or more of gold, and it is very

resistant to acids.

AuSug is distinguished by its characteristically large-sized crystals. At
308° it undergoes a transformation into AuSn and a fused alloy, as follows :

—

AuSug 0*597 AuSn and fused alloy (0*403 Au and 1*403 Sn).

AuSn4 assumes a brown colour under the influence of nitric acid, whereas

AiiSug remains unattacked.

^ Mathiessen, Fhil. Trans.,, 1800, 150, 101 .

2 Von Maey, Zeitsch. physikal. Chem., 1901, 38 ,
29*2.

3 Le Chateiier, Conipt. rend., 1895, 120, 835.
^ Gnertlex*. Zeitsah. anor;t. 51? 397 ;

Phi/a. Ze/tsch.f 1908, 9, 404.
5 Daonlt, Compt. rend.., I.i*'?.'), 76 ,

^ Mylius and Fromm, Ber.., i894, 27, 630.
7 Laurie, Phil. Mac/., 1892, [v.], 33 , 94.

® Heycock and Neville, J. Chem. Soc., 1891, 59. 936.
® Vogel, Zeitsch. anorg. Chem., 1905, 46 , 60-75.
10 Vogel, he. ait.
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In. tLe intermediate series of crystals, as also in the case of pure tin, the
formation of solid solutions is not observed to any great degree. Pure gold,

on the other hand, takes up 5 per cent, by weight of tin in sohd solution.
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Under the usual cooling conditions, these crystals of tin dissolved in gold

are yellow and rich in gold in the interior, while on the outside they are

white and rich in tin, the whole crystals being enclosed within much eutectic.

By long-continued heating at 800° C. the eutectic^ structure disappears,

and the zoned portions in the crystals are replaced by a more homogeneous
structure.

The solidus curve for the first series of sohd solutions of tin in gold is not
well defined. It has been found that the transformation temperature of tin

is not appreciably altered by the addition of gold. Small quantities of tin

are not harmful in their efiects upon the mechanical properties of gold, as

gold dissolves tin in sohd solution.

With only a few per cent, of tin alloyed with it, gold loses its yeUow colour,

and assumes a grey appearance. Most of the alloys with comparatively large

proportions of tin are very brittle, owing to the intermediate crystals which
are formed according to the curve, possessing this property in a large degree.

These two properties render tin-gold alloys very unsuitable for commercial
purposes, in spite of the fact that such materials have a high resistance to

chemical attack.

In a paper on the distillation of gold, Moissan ^ treats incidentally of the

tin-gold alloys. 200 grammes of an alloy containing 40 per cent, gold were
treated for three minutes in an electric furnace supphed with 500 amperes
at 70 volts. At the end of this time the residue weighed 185 grammes, and
had a composition of 41*08 per cent. Au, 59-72 per cent. Sn. Alter heating

for four minutes the residue weighed 149 grammes, and contained 45-90 per

cent. Au and 53*88 per cent. Sn. The boiling point of gold under atmospheric

pressure, as calculated from its boihng point in the vacuum of cathode light,

^

is 2,530° C. This is higher than that of tin. When, therefore, alloys of tin

and gold are distilled in an electric furnace, the residue becomes richer in

gold than it was originally. If the vapours be allowed to escape into the

atmosphere the tin burns to stannic oxide, and a substance remains having
properties very similar to those of the Purple of Cassius. When freed from
lime by hydrochloric acid the well-known purple colour appears. This fact

is adduced in support of Debray’s view of the constitution of Purple of Cassius,

that the latter has no definite composition, but is merely a lacquer of tin

oxide covered by fine gold. (See below, p. 73.)

Gold and Zinc.—^The alloys of gold with zinc are of some metallurgical

importance. In the Parke’s process for the separation of the precious metals

from base bullion formed by the smelting of lead ores, the principle involved

is that gold and silver alloy more readily with zinc than with lead, forming

a compound which, rising to the surface as a ‘‘ crust,” may be skimmed ofi

and treated separately.^

When the impurities, such as copper and tin, have been skimmed as much
as possible from the molten metal, zinc is added in predetermined quantities,

according to the assay value of the bullion. The first crust to form on the

surface contains practically all the gold, and a little silver and copper. Further

additions of zinc are made in order to extract the remainder of the silver.

In 1906 Vogel studied these alloys.'^ The alloys were heated under char-

coal in a stream of coal gas, to prevent oxidation of the zinc. According to

^Moissan. Comy/. I'frfK’, 1905, 141 , 977-983.

^Kraift Jiii.l J, Gliem. Soc., 1905, 88 , [ii.], 144; Ber., 1905, 38 , 254.

®SeeH. 1:'. (I’l-ilirii, Metallurgy of Lead.
^ Vogel, Zeitsch. anorg. Chem.^ 1906, 4^, 319-332.
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Ms results tlie curve has a eutectic point at 15 per cent, zinc (A, Fig. 24)

(or according to the author ^ 14*4 per cent, zinc), and has a maximum at

Fig. 24.~Thermal Eq[uilibrium Curve of Gold and Zinc.

^ T. K. Rose, The Freedom Metals (1909), p. 4(5.
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25 per cent. (B) corresponding to a compound of tlie formula AuZn. Three

breaks occur at 33, 77, and 88*5 per cent, zinc, and it is probable that there

exist also two other compounds with the formulae Au^Zus (or according to

the author AuZug and AuZng.

From 0 fco 12*5 per cent, zinc a series of isomorphous mixtuies separates,

.and then up to 16 per cent, zinc the primary separation of saturated crystals

is followed by the appearance of a eutectic, the second component of which

is a new series of isomorphous mixtures containing the compound AuZn.
The new series containing AuZn separates alone between 16 and 25 per

cent., and is succeeded at the latter point by a third series of isomorphous

mixtures, which separate up to the point corresponding to a concentration

of 31 per cent, of zinc. Here the compound AugZug (or AuZug) begins to

form., and at 35*6 per cent, of zinc enters into a new series of mixed crystals,

which reach up to 61 per cent, of the base metal. The range 61 to 72*6 per

cent, zinc is occupied by the formation of the compound AuZug, after

which isomorphous mixtures containing the pure metals separate.

These alloys have also been examined by the author, as abeady stated.

He found the compounds to be AuZn solidifying at 750°, AuZng sohdifying

at 650°, and AuZng. His other observations are as follows —The alloys

with less than 14 per cent, of zinc are pale yellow, and about as hard as gold.

They increase gradually in brittleness as the percentage of zinc increases.

The first additions of zinc rapidly reduce the melting point of gold, giving

rise to a long pasty stage during solidification. As the proportion of zinc

increases frorh 14 to 25 per cent, the colour changes gradually from pale

yellow to a reddish-liJac tint, the colour of the compound AuZn {cf. AgZn
.and AgCd), which forms lustrous crystals and is brittle. The alloys contain-

ing from 25 to 30 per cent, of zinc consist of lilac-coloured polygonal crystals

of AuZn set in a white matrix. The compound AuZug, containing 39*8 per

cent, of zinc, is a hard, white, homogeneous alloy, which will scratch steel,

but is as brittle as glass. It breaks with a conchoidal fracture, giving-

lustrous surfaces. From 40 to 72 per cent, of zinc the alloys become less

brittle and less lustrous. With above 72 per cent, of zinc the alloys resemble

zinc in appearance, but are more brittle. The alloy AuZug, containing about

72 per cent, of zinc, is a hard white substance, solidifying ^with surfusion

at 470°. It presumably occurs in the zinc crusts which are formed in Parkes’

process.

Segregation in Gold Alloys.—^The subject of segregation generally,

including that observed in gold alloys, has been discussed in the volume
introductory to this series.^

Segregation in the case of gold-copper alloys has been discussed above,

p. 33. It has been shown by Matthey,^ as mentioned above, on p. 45, that,

when gold ingots containing members of the platinum group are cooled

from a state of fusion, an alloy rich in the more fusible element (gold) falls

out first, driving the less fusible constituent to the centre. Thus the assay

of an outside cut of such an ingot gives a result too high in gold, sometimes

by several per cent. It has long been known, moreover, that iridium and
osmium become concentrated towards the bottom of the mass. The reason

^ T. K. Lose, oj). cit. ^ T. K. Lose, o}). cit
^ Roberts-Austen, An. Introdmiion to the Study of Metalluruy^ 1910, 76. The word

“segregation” is used in this section as denoting the partial separation of the constituents
of an alloy in such a way as to render the alloy non-uniform in composition.

Matthey, Proc. Roy. Soe., 1892, 51 , 447; Phil, Trims., 1892, A, 183 , 629-652.
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for tMs is tliat, at the temperature of fusion of gold, these refractory elements,

either free or alloyed with gold, sink in the molten metal and are left in the

state of small crystalline particles.

Matthey has also further investigated ^ the question of segregation,

in connection with the alloys of gold, silver, lead, and zinc produced in

cyanide mills. He found that one such ingot weighing about 120 ozs. con-

tained 662 parts per 1,000 of gold at the bottom corner, and only 439 parts

at the top. In another case, when 164 per cent, of lead and 9*5 per cent,

of zinc were present, the standard fineness of an ingot weighing 400 ozs.,

as shown by actually separating the whole of the precious metals, was, gold

614*0, silver 75*8, and its true value £1,028, while the value as deduced
from the average of fourteen assays made on it (gold 576*0, silver 90) would
have been only £965. Seven dip assays made on this ingot varied from
562 to 622 fine. Other cases of irregular distribution were even more remark-
able. By experiments with synthetic alloys of gold and zinc, Matthey found
that gold tends to liquate towards the centre of the mass, but only in a slight

degree, the centre of a 3-inch sphere of an alloy containing gold 90, zinc 10,

being only about 1 to 21- parts per 1,000 richer than the outside. Lead acts

similarly, but with greater efiect, the centre being about 29 parts per 1,000

richer in gold than the outside when 30 per cent, of lead is present, but the

combination of 15 per cent, of lead and 10 per cent, of zinc is still more
powerful in causing segregation, the sphere being found to contain 657 parts

of gold at the top, 785 in the centre, and 790 at the bottom, gravity thus
playing a part. The addition of silver, however, if it amounts to not less-

than about two-thirds of the quantity of zinc and lead taken together, appears
absolutely to prevent any liquation from taking place, an alloy containing,

approximately, gold 55, zinc 7, lead 18, silver 20, being practically homo-
geneous.
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CHAPTEE III.

CHEMISTRY OF THE COMPOUNDS OP GOLD.

Compounds of Gold.—Gold is characterised chemically by an extreme in-

difference to the action of all bodies usually met with in nature. Its simpler

compounds are formed with difficulty, and decompose readily, especially

when heated. The result is that gold is found in nature chiefly in the metallic

form, and the mineralogist has, therefore, few compounds to consider. Gold
also forms complex compounds, especially with cyanogen and sulphur.

These do not exhibit the ordinary reactions of gold, and are in particular

not so readily reduced. The gold in them is not present as an elementary

ion, but forms part of complex ions.

Gold forms two series of simple compounds, having the general formulae

AuE and AuEa, while doubtful compounds corresponding to AuE2 ,
AuE^,

and AuEs, have been stated to exist by Thomsen, Prat, Figuier, and others.

The two undoubted series are denominated aurous and auric respectively.

Compounds of Gold with the Halogens.—Gold forms two series of com-
pounds with the halogens, the general formuloe being AuE and AuEs respec-

tively. Supposed compounds having the formula AuE2 have been described,

but are probably mixtures of the series denoted by AuE and AuEa. All

these bodies are very unstable, existing throughout only low ranges of

temperature, whether in the dry state or in aqueous solution. The chlorides

are the most easily formed and the least unstable, the bromides coming
next. The heats of formation of the compounds from their elements, according

to Thomsen,^ are given in the subjoined table in calories per gramme-molecule,

where one calorie is equal to the quantity of heat required to raise the

temperature of a kilogramme of water from to 19° :

—

TABLE XV.

Chloride. Bromide. Iodide.

AuE, solid,

AUE3 ,
solid, .

+ 5*81
1

4- 22*82

-0*08

+ 8*85

- 5*52

Chlorides of Gold.

Gold Monochloride or Aurous Chloride, AuCl.—This salt is prepared

by heating auric chloride to 190° in air for ten hours.^ It can also be prepared

^ Thomsen, Landolt-BormteiiCs Tahellen, 1912, p. 869.
2 T. K. Rose, J. ahem. Soc., 1895, 67, 902.
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in solution by running a solution of HAUCI4 into an excess of a solution of

sulpburous acid. (See “ Preparation of Pure Gold,” Cbap. XX.) The gold

-chloride is decolourised, showing that the auric chloride has been reduced

to aurous chloride. After some time the solution becomes turbid and metallic

gold is precipitated. Victor Lenher ^ found that colourless AuCl is formed

in solution by reduction by means of sulphurous acid of the double chlorides

of gold and any one of the following metals :—Sodium, potassium, copper,

magnesium, 2:inc, cadmium. The reaction is quantitative, according to the

equation :

—

luCls.MClg + SO2 + 2H2O = AuCl.MCla + H2SO4 + 2HCL

In this way sulphurous acid can be used as an agent for the volumetric

determination of gold. An arsenite can be used instead of sulphurous acid,

thus —
AUGI3.MCI2 + NagHAsOs + H^O = AuOLMCla + 2NaCl + H3ASO4.

Diemer states that the double chlorides require a considerable excess

of sulphurous acid for complete reduction with the precipitation of metallic

gold. One molecule of NaCl, KCl, or ISrH4Cl to one molecule of AuCl
is sufficient to ensure the formation of the double salts, but AuCl.NaCl is

rather unstable. The double salt is more stable if an excess of NaCl is

present. About 40 molecules of CaCl2 can take the place of 1 molecule of

NaCl in preventing the separation of metallic gold by the action of sulphur-

ous acid in slight excess.

Aurous chloride is non-volatile and unaltered at ordinary temperatures

and pressure by dry aii, even when exposed to light, but begins to decompose
at temperatures above 160°, and the decomposition is complete if it is heated

at 175° to 180° for six days, or at 250° for one hour. It combines with chlorine

at the ordinary temperature, forming auric chloride.^ Its density is 7-4.

Water converts aurous chloride into a mixture of gold and auric chloride,

thus 3AuCl = 2Au + AUCI3. The same reaction takes place slowly at the

ordinary temperature in the absence of water. Aurous chloride is a citron-

yellow amorphous powder. It is soluble in ammonia, and on the addition

of HCl the white crystalline unstable substance AuNHgCl is precipitated

(Diemer). It is soluble completely in solutions of potassium cyanide and
sodium chloride, and with separation of some gold when acted on by a solu-

tion of potassium bromide.^

Auro-Aurichloride, AU2CI4.—^A dark red compound having this com-
position is said, by Thomsen, to be obtained by heating finely divided

gold in a current of chlorine to 140° to 170°. According to Kriiss and
Lindet it is merely a mixture of AuCl and AUCI3. It yields gold and
AuClg if brought in contact with water, ether, or alcohol.

Auric Chloride or Gold Trichloride, AuCL^

—

Preparation.—Trichloride of

gold can be prepared, according to Debray, ^ by heating finely divided gold
in a current of pure dry chlorine in a glass tube at a temperature of 3007.

The chloride formed sublimes at this temperature and is deposited in the
cooler part of the tube in fine red prisms and needles crystallising in th(‘

^ Lenter, J. Amer. Chem. Soc.. 1913, 35» 54C; see also Diemer, op. cit.. 552.
2T. K. Rose, loc.. cit.

^Lengfeld, J. Chem. Jiioc., 1902, 82, [ii.], 27 ;
J. Amer, Chem. hioc., 1901, 26, 324.

^ Debray, Compt. rend.., 1869, 59, 985.



CHEMISTRY OF THE COMPOUNDS OP GOLD. 61

triclinic system. Kriiss tried to repeat Debray’s experiments but did not
confirm bis results.^ He found that AuCia was formed at 140° to 150°, and
was converted to AuCl at about 180° in spite of the presence of an excess,
of chlorine. At 220° the AuCl was completely decomposed, leaving metallic
gold, while up to this temperature a little AuClg continued to be sublimed,,
but towards 300° all action ceased, and the gold remained unattached by
the chlorine at all higher temperatures.

The exact point at which gold ceases to be attacked by chlorine and the-

rate of volatilisation of the chloride are of great importance in connection
with the loss of gold on roasting auriferous materials with salt.^ The matter
was, therefore,

_

investigated by the author, ^ with the following results :

—

Gold unites with chlorine if placed, in the gas at atmospheric pressure at
all temperatures up to a white heat, but the action is slight at a red heat.
The absorption of chlorine by gold with the formation of chlorides at first

increases in rapidity as the temperature rises above *15°, and reaches its.

maximum at about 225°. The fact that gold is attacked by chlorine, and
that the chloride is subseq^uently volatilised at all temperatures between
180° and 1,100°, was proved by means of Deville’s hot and cold tubes,,
which enable part of the sublimed chloride to be collected. Thte rate of

volatilisation at various temperatures is as follows :

—

TABLE XVI.

Temperature,
°C.

Percentage of
Gold Volatilised in

30 Minutes.

Tenipei ature,
°C.

Percentage of
Gold Volatilised in

30 Minutes.

180°
1

0*007 ! 580°
0-60

230° 0-35
i 590°

0*58
300°

2*32 i 805°
0-50

390°
1-82

i
965°

1-63
480°

0*88
1

1 ,100
°

1-93

For purposes of comparison, it may be added that when gold is heated,
in air or coal gas, no gold is volatihsed below 1,050°, and only about 0*02 per-
cent, in thirty minutes at 1,100°,^ or about one-hundredth part of that
volatilised in chlorine at the same temperature.

The amounts volatilised vary according to two different factors—(!>
The vapour pressure of gold trichloride, AuCls, which of course increases
continuously as the temperature rises

; and (2) the pressure of dissociation
of the trichloride, which also rises continuously with the temperature, but
not at the same rate as the vapour pressure. The increase of vapour pressure-
tends to raise, and that of the pressure of dissociation to decrease, the amount
of gold volatilised as chloride. The vapour pressure increases more rapidly
than the pressure of dissociation at temperatures below 300°, and also above

1 Kriiss, Ber., 1888, 20, 212, 2304.
2 See Prof. Christy’s experiments, Section on “Eoastinff,” Chap. xiii.
® T. K. Rose, J. Ohem, Soc., 1895, ,67, 881.
^ T. K. Rose, J. Chcm. 1893, 63, 717.
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900®, but less rapidly at intermediate temperatures. Hence the curve (Fig. 25)

showing the variation of volatilisation with temperature is irregular, passing

through a maximum near 300°, and a minimum at a point somewhere below

the melting point of gold. The first-named change in the direction of the

curve probably occurs at the melting point of the chloride—namely, 288°.

The second change is perhaps caused by the change of sign of the heat of

formation of AuCl- ;
when this becomes negative, the pressure of dissociation

•of the compound would decrease, in accordance with the law of van’t Hoff

.and Le Chatelier. However this may be, it is certain that when gold is heated

in chlorine at atmospheric pressure, auric chloride is formed and volatilised

at all temperatures above 180°, up to, and probably far beyond, 1
,
100°.

Tf gold is treated with liquid chlorine in a sealed tube at ordinary

temperatures, it is converted into a crystalline red mass.

The usual method adopted for the preparation of auric chloride is to

dissolve gold in aqua regia, and then to drive off the excess of acid by heat,

adding HCl if necessary to maintain its excess over the nitric acid, keeping

Fig. 25.—Curve showing Rate of Volatilisation of Gold Chloride at various

Temperatures.

the temperature as low as possible. A brownish-red mass is thus formed,

consisting of AuCls mixed with more or less aurous chloride and
hydrochloric acid. When heated at 95° to 100° until acid fumes no longer

appear to be evolved, the resulting chloride solidifies at 70°. It consists

almost entirely of HAUCI4 ,
but contains from 0*5 to 1-0 per cent, of AuCl.

As noted below, pure anhydrous AuClg solidifies at 288°. On taking up witli

water, aurous chloride is decomposed into gold and trichloride, but the

hydrochloric acid can only be eliminated by shaking with ether, which
withdraws auric chloride from its solution in water. If an attempt is made
to drive off the hydrochloric acid by heat, a partial decomposition of the

trichloride results.

Auric chloride exists both in the anhydrous state and in combination
with two equivalents of water, AUCI3 .2H2O, when it occurs in orange-red
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crystals. The anKydrous salt Las a brilliant-red colour, crystallising in

needles belonging to the triclinic system, and melting at 288° in cblorine under
a pressure of two atmospheres. It can be prepared by drying the hydrated
salt at 150°. The anhydrous and hydrated salts are both hygroscopic, and
dissolve readily in water with elevation of temperature

;
they are also soluble

in alcohol and ether, and in some acid chlorides, such as AsCls, SbCls, SnCi2 ,

SiCl4 , etc.

Auric chloride is readily decomposed by heat. Lowe states ^ that i

grammes of the trichloride, when heated in a porcelain basin on a boiling

water bath, can be completely transformed into the monochloride, .although

not until after the lapse of several days. On the other hand, as has aheady
been mentioned, Kriiss states that the decomposition of auric chloride, in

an atmosphere of chlorine, begins at 180°. According to the experiments

of the author,^ auric chloride is observed to sufl'er slow decomposition at

as low a temperature as 165° in an atmosphere consisting of chlorine, about

1*6 per cent, being converted into monochloride in four hours at this tem-
perature ; the decomposition is about five times more rapid at 190°. The
decomposition in air can be readily observed at 100°, although it does not

seem to be so rapid as was indicated by Lowe. In seven days only 6*6 per

cent, of the trichloride was decomposed, the initial rate of decomposition

being 0*041 per cent, per hour. At 165°, however, the initial rate of decom-
position appeared to be 3*2 per cent- per hour, and the conversion into mono-
chloride was complete in four or five days at 160° and in ten hours at 190°.

Solutions of gold chloride have also been shown to be decomposed by
heat,^ a solution of one part of the chloride in 15,000 parts of pure water

yielding a precipitate of gold on heating for some hours. The solution was
found to contain traces of hydrogen peroxide, the reaction being expressed

by the equations

—

AuClg + 2H2O == AuCl -f 2HC1 -f H2O2

3AuCl = AuCls + 2Au.

A similar change, yielding hydrogen peroxide, was found by Sonstadt

to take place when solutions containing 0*04 per cent, and also 0*007 per

cent, of gold chloride were exposed to bright sunshine for several days.^

The presence of free hydrochloric acid prevents this decomposition. Weak
voltaic currents precipitate metallic gold from the solution of the trichloride

upon the negative pole. Withrow has studied the rate of precipitation in

the presence of potassium cyanide and of sodium sulphide, a rotating anode
being employed.® The solution of trichloride of gold is also decomposed
by many reducing agents, such as most organic substances, metals, and
protosalts

;
heating the solution in every case hastens the decomposition.

The reduction by organic matter is assisted by the action of fight, which
is especially efficacious in the presence of starchy and saccharine compounds,
or of charcoal or ether. In some cases the presence of hydrochloric acid

prevents or retards the action, but in other cases this effect is not observable.

1 Lowe, Dingl. poly. J"., 1891, 279* 167.

T. K. Rose, J, Ckem. Soc., 1895, 67, 902.
3 Sonstadt, G/ieni News, 1898, 77» 7'4.

^Sonstadt, Froo. Ckem Soc., 1898, No. 198. p. 179.
® Withrow, J”. Amer. Ckem. Soc., 1906, 28 , 1350; see also Neumann, J. Chem, Soc.,

1906, 290, [ii.], 7G4.
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Sugar added to HAUCI4 in solution gives a blue coloration, and acids cause

tbe gold to separate in the ordinary form.^ In direct sunlight ether

deposits a bright mirror of metallic gold, but under ordinary conditions-

red coUoidal gold (Faraday’s gold) is set free. AUcalies also quicken the

action of organic matter, and it may be said that all organic compounds-

reduce gold chloride on boiling in the presence of potash or soda,^ while

Muller states that a mixture of glycerine and soda lye is one of the best

precipitants for gold chloride, separating the metal completely in highly

dilute solutions. Priwoznik finds that a boiling solution of glycerine and
sodium carbonate completely precipitates gold from its solution as chloride.^

According to Kiiiss, if potash and soda are quite free from organic matter,

they have no action on solutions of auric chloride, whether cold or hot. If

a small quantity of organic matter is present, sub-oxide of gold is precipitated

if larger quantities are present, both metallic gold and sub-oxide are pre-

cipitated in the cold, but gold alone at boiling point. Alkaline carbonates

are without action on cold solutions, but if they are hot, then hah the gold

is precipitated as hydrate, while the other half remains in solution in the

form of a double chloride of gold and the alkali. Gold is also precipitated

from solution by acetylene.^

The precipitation by means of charcoal is of especial importance in view

of its adoption in practice. Avery,^ using a very pure charcoal prepared

from cocoanut shell, made quantitative estimations of the HCl and COg^

produced in this reaction. He concluded that the reduction takes place

in accordance with the equation proposed by Konig :
—

®

4AUCI3 + 6H2O + 3C = 4Au + 12HC1 + 300^.

Occluded gases, such as hydrogen and carbon monoxide, will also reduce

gold, and Konig states that occluded gases are responsible for 95 per cent,

of the precipitation. The effect of the charcoal is diminished by use, but

can be restored by heating the charcoal to redness in absence of air, or by
the passage of a current of electricity, using the charcoal as the cathode.

(See also “ Precipitation of Gold,” Chaps. XIV. and XV.)
It has been stated that a current of hydrogen gas will precipitate gold

completely, especially on boiling the solution, but Khiiss has proved that,

if the hydrogen is quite pure, it has no effect either on cold or hot solutions.

Sulphur, selenium, phosphorus, and arsenic all precipitate gold on boiling

the solution of the trichloride. Tellurium easily reduces gold chloride solu-

tion
;

the precipitation is complete at the ordinary temperature, but the
tellurium must be finely powdered, or it becomes coated with gold, and
further action is prevented. Silver telluride also reduces solutions of gold

salts. In these reactions tellurium tetrachloride is formed, thus :

—

4AUCI3 + 3Te = 4Au + STeCl^.

^ Vanino, */. Chon. -Viyc*., 1908, 94, [ii.], 504.

2 Fr^my, Ency. C/iim,, lOe Oahier, vol. iii., p. 74.

® Priwoznik, J. Ghem. Soc., 1912, [ii.], 102, 562.

^ Mathews and Watters, J. Amer. Chcni. Eoc., 1900, 22, 108.

^ Avery, J. Soc. Ghem. Ind., 1908, 27, 255.

6 Konig, Ghem. News, 1882, 45, 215 ;
J. Frank/in Inst., May, 1882.
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Tlie natural tellurides, calaverite, sylvanite, coloradoite, kalgooiiite, nag-

yagite, Lessite, and krennerite behave like tellurium in precipitating gold.^

Many metals reduce chloride of gold, the action being, of course, most rapid

in the case of the most highly electro-positive metals, such as zinc and iron.

Lead sometimes gives fine dendritic plates of gold. Sulphu'retted hydrogen
precipitates sulphide of gold from both neutral and acid solutions, all traces

of gold being readily removed from a solution by this reagent, whilst phos-

phoretted, arsenuretted, and antimoniuretted hydrogen, as well as HgTe
and HgSe, all precipitate metallic gold. The lower oxides of nitrogen, nitrons

acid, and many other “ ous ” acids and oxides effect the same decomposition.

Precipitation by potassium nitrite in presence of sulphuric acid gives gold

nodules- easily collected.^ Sulphur dioxide is a convenient reagent, and is

often used in the laboratory, being almost equally efficacious in cold and hot

solutions. The reaction is

2AUCI3 -f- 3SO2 “f" 6II2O = 2Au -|~ 6IIC1 -f- 3H2SO4.

Various protosalts also reduce trichloride of gold. Ferrous sulphate is

often used to detect the presence of gold in solution as chloride
;
this reagent

gives dilute solutions a pale blue colour by transmitted light, and brown by
reflected light, owing to the formation of finely divided precipitated gold.

The reaction is represented by the following equation :

—

2AUCI3 + 6FeS04 = 2Au -h 2Fe2(S04)3 + SFeClg.

To test a dilute solution for gold, a test tube filled with the liquid is

held in the hand side by side with a test tube filled with distilled water and
a few drops of a clear solution of ferrous sulphate are added to each. On
looking down through the length of the test tubes from above, with a white

surface as background, any slight changes of colour may be detected by
comparison, and the liquid may also be compared with the original solution

in a test tube. In this way, by a little practice, the presence of gold in the

proportion of only y^oWo water), or even less can be

detected. The method was often used in the chlorination process, but it is

better to use stannous chloride, SnCla- This substance gives a brown pre-

cipitate of variable composition in concentrated solutions, but if mixed with

the tetrachloride, SnCl4, it gives a precipitate of Purple of Cassius. The
reaction is very sensitive, and by its means a violet coloration by trans-

mitted light can be obtained in a solution containing 1 part of gold in 500,000

parts of water, while by special means the presence of 1 part of gold in

100,000,000 parts of water can be detected, as described below. ^ The liquid

supposed to contain gold is raised to boiling, and poured suddenly into a

large beaker containing 5 to 10 c.c. of saturated solution of stannous chloride,

and the liquids agitated so as to effect complete mixture. A yellowish-white

precipitate of tin hydrate forms, which settles rapidly, and can be readily

separated from the bulk of the liquid by decantation. If the solution originally

contained at least 1 part of gold in 5,000,000 of water (3J grs. per ton), the

precipitate is coloured purplish-red or blackish-pm’ple, according to the

nature of the solution, and the condition of the precipitant. The colour

can be seen without comparing it with other precipitates. If less gold than

^ Lenher, J. Amer. Cheni. aS'oc., 1902, 24, 355, 918.
^ Jameson, J. Amer. Chem. ^oc., 1905, 27, 1444.
a T. K. Rose, Ghem. JSTeivs, 1892, 66, 271.



66 THE METALLURGY OF GOLD,

tMs is present it is better to compare tbe precipitate with one obtained by
tbe use of boiling distilled water, and to increase the quantity of liquid used

while adhering to the same amount of stannous chloride. In this way the

presence of 1 part of gold in 100,000,000 parts of water (1 grain of gold in

6 tons of water) can be detected, the amount of liquid required in this case

being about 3 litres. The gold is concentrated in the precipitate in which

a distinct colour is caused by less than 0*05 per cent, of the metal.

Chlor-auric Acid or Hydrogen Aurichloride, HAuCl^.—Gold trichloride in

the presence of free hydi*ochloric acid forms this compound, which crystallises

out on evaporation in vacuo in long yellow needles, having the composition

HAUCI4 + and since gold chloride unites with many other soluble

chlorides to form double chlorides, the hydrochloric acid compound is re-

garded as an acid. It is more stable than gold trichloride. The chlor-aurates,

having the general formula M'AuCl4, or AuCls.M'Cl, are readily soluble bodies

which can be crystallised, and which decompose with about the same readiness

as chlor-auric acid. Double chlorides are also formed with organic bases.

The sodium salt (sodium aurichloride), N’aAuCl4.2H20, is used for “ toning ”

in photography. It contains 4945 per cent, of gold, as made in England,

but only 23 to 30 per cent, as made in the United States.^ The acetates

and succinates are also used in photography.®

On adding silver nitrate to a solution of hydrogen aurichloride a brown
precipitate is obtained,^ according to the equation :

—

HAUCI4 -I- 4Aghr03 + 3H2O = Au(OH)3 . 4AgCl + 4HNO3.

By the action of ammonia this is converted into fulminating gold (q.v.).

Bkomides oe Gold.

Aurous Bromide or Gold Monobromide, AuBr, is a yellowish-green powder
obtained by heating the tribromide to about 115°. It is insoluble in water,

but is decomposed by it, metallic gold and the tribromide being formed
;

the change is especially rapid on boiling, and is hastened by the presence

of hydrobromic acid. Aurous bromide is completely soluble in potassiuin

cyanide
;
and in ammonia, potassium bromide or HBr with partial separation

of gold (Lengfeld).

Auro-auric Bromide, Au2Br4, is produced by the action of bromine on
finely divided gold in the cold, some tribromide being simultaneously formed.

Water breaks up this bromide into AuBr and AuBro, and, according to

some observers, it is only a mixture of these bodies.

Auric Bromide or Gold Tribromide, AuBi^, is produced by the action

of a mixture of bromine and water on gold, particularly on the application

of heat. The action of bromine on gold, however, causes the formation of

a film of AuBi’g, which prevents further action. The film is removed by shaking
the mixture.® Auric tribromide resembles the trichloride in most of its

properties. It is volatile at 300° in an atmosphere of bromine (Meyer). It

crystallises in blackish needles or scarlet plates. It is deliquescent, but is

^ Schmidt, J. C%em, Soc., 1906, 90, [ii.], 862.
2 Kebler, J. Soc. Chcm. Ind., 1900, 19, 1038; Johnson & Sons, ibid., 1901, 20, 210.
3 Mercier, JBy'iL Journ. Phot., 39, 354.
4 Jacobsen, J. Chem. Soc., 1908, 94» fih], 601; Gonipt. rend., 1908, 146, 1213.
® Meyer, J. Chem. Soc., 1909, 96, [ii.], 321; see also Lengfeld, J. Chem. Soc., 1902, 82,

[ii.], 27.



CHEMISTRY OP THE COMPOUNDS OF COLD. 67

lar less soluble in water than gold trichloride. Concentrated solutionsj which

may contain about 1 per cent, of the tribromide, are nearly black in colour.

Auric bromide suffers decompositions similar to those noted in describing

AuCls, its solutions being still less stable than those of the chloride. A
solution of gold tribromide is gradually decolourised by sulphur dioxide,

being completely reduced to the state of monobromide before any precipitate

•of metallic gold is formed. It is prepared in a pure state by heating finely

divided gold in sealed tubes with bromine and arsenic bromide, AsBrg, to

126°. Gold tribromide forms intensely coloured brownish-red aqueous

solutions, the presence of a mere trace of the salt in a solution being observ-

able in this way. Double bromides exist analogous to the chlor-aurates.

The Iodides of Gold are of little interest to the metallurgist. Aurous
iodide, Aul, can be prepared by the action of iodine on gold above 50°, the

excess of iodine being removed by careful sublimation.^ It is a white powder,

turning green in air and decomposing at 190°. The tri-iodide is supposed

to be formed if. gold is acted on by a solution of iodine in potassium iodide.

Eapid dissolution ensues, and the solution is fairly stable.

Gold Fluoride has been described by Lenher.^

Cyanides of Gold.^

Cyanogen and gold unite in two proportions, forming aurous and auric

^cyanides, but the latter is only known with certainty in combination.

Aurous Cyanide, AuCy, is obtained by heating aurocyanide of potassium,

EA.uCy2 ,
with hydrochloric or nitric acid and washing with water. It is a

Jemon-yellow crystalline powder, insoluble in water, and unaltered by exposure

to air. It is decomposed by heat, yielding metallic gold and cyanogen, and
is soluble in ammonia, in yellow ammonium sulphide, in alkaline cyanides,

.and in hyposulphite (thiosulphate) of an alkali. It is unattacked by the

mineral acids, except by aqua regia, but is decomposed when boiled with

potash, metallic gold being thrown down and aurocyanide of potassium

formed.

Potassium Aurocyanide, KAuCya, is obtained by crystallisation from
its solution, which is prepared by dissolving metallic gold, auric oxide, or

aurous cyanide in a solution of potassium cyanide. It is also formed by
.adding potassium cyanide to an acid solution of gold trichloride. The solu-

tion for electro-plating purposes may be prepared by precipitating a solution

•of gold chloride with ammonia and dissolving the fulminating gold in potassium

•cyanide, or by precipitating gold chloride with magnesia and dissolving the

purified auric hydroxide in KCy, or by simply passing an electric current

through a cyanide bath, with a gold anode. It forms a colourless solution

in water, from which it can be crystallised as colourless, transparent rhombic
•octahedra. Cold water dissolves 15 per cent., and boiling water twice its

weight of the salt. . The aqueous solution, especially if hot, gilds copper or

silver without the agency of a battery. Gilding is, however, generally effected

by electro-deposition, using a gold anode. Gold is also precipitated from the

solution by zinc and many other metals. Precipitates are also formed on
the addition of salts of zinc, copperj tin, iron, or silver, no precipitates being

^.Meyer, Gompt. rend., 1904, 139, 733.
2 Lenher, J. Amer. Chem. 80c,, 1903, 25, 1136. 2 See also Chapter xv.
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formed if potassium cyanide is present in excess. According to Lindbomy.

ferrous salts are without action on KAuCy2 ,
but oxalic acid, sulphurous.,

acid, or mercurous chloride, Hg2Cl2 ,
precipitate aurous cyanide from, hot

solutions.

Aurocyanides are decomposed by mineral acids, aurous cyanide being

precipitated, and hydrocyanic acid evolved. Iodine, bromine, and chlorine

are dissolved by KAuCy25 and the iodine compound, KAuCy2l25 can be

crystallised out. The aurocyanides of sodium, ammonium, barium, calcium,,

zinc, cadmium, and other metals have been prepared.

Potassium Auricyanide, AuCyg-KCy, is formed by adding potassium,

cyanide to a perfectly neutral solution of trichloride of gold, the precipitate

first formed being redissolved. The solution is completely decolourised,

and on cooling deposits colourless crystals of AuCys.KCy.SHgO. These

effloresce in air, giving up two molecules of water
;

and, on heating, the-

third molecule of water and some cyanogen are given off, aurocyanide of

potassium being formed, and this in its turn is decomposed at a slightly

higher temperature. Potassium auricyanide is somewhat soluble in cold,

water, and readily soluble in hot water.

Oxides of Gold.

.
Aurous Oxide, AugO.—This oxide is prepared by decomposing aurous.

chloride, AuCl, or the corresponding bromide by potash in the cold (Berzelius)’

when a violet precipitate forms, which is blackish when moist, but greyish

when dry. When freshly precipitated it is soluble in alkalies and in cold

water, forming an indigo bine solution, with brownish fluorescence, and
on warming the solution slightly the corresponding hydrate is precipitated ..

It is also prepared by the action of nitrate of mercury on the trichloride,

and by boiling aurate of potash with organic compounds, such as citrates

or tartrates, or by boiling a solution of the trichloride with the potassium

salts of these acids. When prepared according to these methods, aurous

oxide always contains a certain proportion of metallic gold. The oxide may
be obtained pure by reducing brom-aurate of potassium at 0° by SOg, passing,

in the gas only until the solution becomes colourless, after which an
excess of gas would precipitate metallic gold. Aurous hydrate is then pre-

cipitated by potash, and, after being agglomerated by boiling, it is filtered,,

washed with cold water, dried, and heated to 200° to expel the water of

hydration. At 250° it is resolved into gold and oxygen. Hydrochloric acid

decomposes aurous oxide into metallic gold and auric salts, slowly in the
cold, quickly at a boiling temperature ; aqua regia dissolves the oxide,,

but sulphuric and nitric acids are without action on it, while Aveak bases
at once decompose it.

An intermediate oxide, AuO, is prepared as a black powder by dissolving*

metallic gold in aqua regia containing an excess of hydrochloric acid, then-

adding an excess of carbonate of potash, and afterwards filtering and drying
the precipitate. It has been little studied, but the temperature at which
it decomposes has been fixed at 205° and its hydrate has been prepared.

Auric Oxide, AugO^.—This, the best known oxide, is a black powder
when anhydrous, and is precipitated from solutions of auric chloride in
the form of a hydrate by the caustic alkalies, the carbonates of the alkalies,

and hydrates of the alkaline earths or zinc. The readiest method of
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preparation of this compound is to add caustic potash, little by little, to a

hot solution of gold chloride, until the yellow precipitate of auric hydroxide,

Au(OH)3 ,
first formed is dissolved to a brown liquid which contains potassium

•aurate, Then a slight excess of sulphuric acid or some sodium
sulphate is added, the precipitate filtered ofi, washed and purified from
potash by being redissolved in concentrated nitric acid, and reprecipitated

by dilution with water. On drying this precipitate in vacuo, the hydroxide,

•an ochreous powder, results. It can also be prepared by heating a solution

of gold chloride with magnesia and washing the residue with nitric acid.

It is a yellow, olive-green, or brown powder (according to the method of

preparation), and becomes brownish or black on drying. It dissolves in potash

solution, and the resultant unstable potassium aurate can be used for electro-

gilding. If it is heated to 110°, oxygen begins to be .given ofi; at 160°,

AuO remains, and on heating for some time at 250°, metallic gold remains.

Trioxide of gold dissolves in concentrated sulphuric and nitric acids, from
which it is partly reprecipitated on boiling or on dilution, and these solutions

are supposed to contain sulphates and nitrates of gold respectively. Double
nitrates of gold and the alkalies have been obtained as crystals. Hydro-
chloric and hydrobromic acids dissolve the trioxide forming the haloid salts,

but hydriodic .acid decomposes it on boiling, giving iodine and metallic

gold. Gold trioxide dissolves in boiling solutions of alkaline chlorides, giving

auxates and chlor-aurates, while it also combines with metallic oxides to

form aurates.

It is easily reduced by hydrogen, carbon and carbonic oxide, with the

aid of very gentle heat. Boiling alcohol or hot alcoholic potash reduces

it, yielding minute spangles of gold which were formerly used in miniature

painting.

Aurates.—The auxates of potash and soda have the general formula

AugOg.R'g^ assigned to them. They are readily soluble, crystal-

lisable compounds, and are formed when alkalies are added in excess to

solutions of gold chloride. The amates of calcium, magnesium, and zinc

are insoluble in water, but soluble in hydrochloric acid. With organic matter

they yield explosive powders (Meyer).

Fulminating Gold is a compound of auric oxide with ammonia,
Au203(NH3 )4 ,

which is formed by precipitating gold chloride with ammonia
or its carbonate, or by the action of ammonia on gold trioxide. When pre-

pared by the former method its composition is variable, but the fulminate

is always a high explosive decomposing with violence at 145°, or on being

struck, and sometimes even spontaneously. It is decomposed without

explosion by sulphuretted hydrogen, and by stannous chloride. It is a

grey or bufi-coloured powder, insoluble in water, but soluble in potassium
cyanide, auricyanide of potassium being formed.

Sulphites of Gold.—^Alkaline sulphites, or sulphur dioxide, which reduce

gold trichloride easily, do not produce the same effect on a solution of an
alkaline aurate. If sodium bisulphite is added to a boiling solution of

sodium aurate (NaAu02)
a yellowish precipitate is formed, soluble in excess

of sodium bisulphite, and consisting of a double sulphite of gold and sodium,

or sodium aurosul'phite, having the composition SNagSOg.Au^SOa + SHgO.
It is obtained pure by precipitating the corresponding barium salt with
BaClg, and decomposing the precipitate with the minimum quantity of

sodium carbonate. Double sulphites of potassium and ammonium with
gold also exist. These salts are decomposed by acids, sulphite of gold being
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deposited, and also on boiling their aqueous solutions, but the addition of

sulphuretted hydrogen or alkaline sulphides has no effect on them.
Thiosulphates of Gold,—The extraction of gold from auriferous silver

ores, when these were treated by the ordinary hyposulphite,’^ or by the-
“ Eussell ” process, depended on the formation of these compounds. The
soluble double thiosulphates of gold with the alkalies and alkaline earths

have the general formula 3E"S203,Au2S203 + ^HgO. The double compounds
of gold with sodium, potassium, calcium, magnesium, and barium are all

known. The sodium salt is prepared by adding a dilute solution of gold
trichloride little by little to a concentrated solution of sodium thiosulphate,

when the following reaction occurs :

—

SNagSgO^ + 2AUCI3 = Au2S203.3Na2S203 -h 2Na2S,06 + GNaCl.

The double thiosulphate may be separated by precipitation with strong
alcohol, with which it is also washed, or it may be purified by repeated solu-

tion in water and precipitation with alcohol. Thus prepared, it consists of

colourless crystalline needles, highly soluble in water, but almost insoluble
in alcohol. The solution, which possesses a sweetish taste, decomposes
under the influence of heat, the action being much more rapid when nitric

acid is present
;

metallic gold and sodium sulphate are formed. Gold, how-
ever, is not reduced from its solution as double thiosulphate by either stannous
chloride, ferrous sulphate or oxalic acid, although sulphuretted hydrogen
and alkaline sulphides give a black precipitate of AugSs* The addition of

hydrochloric acid or of dilute sulphuric acid does not immediately cause an
evolution of sulphur dioxide and a deposit of sulphur, as in the case of ordinary
thiosulphates. Since, therefore, the double sulphite of soda and gold does
not present the characteristics of either aurous salts or of thiosulphuric acid,
it has been suggested that it contains a compound radical and has a com-
position expressed by either NagS^OeAu or NagS^OgAu + 2H2O. The addition
of any dilute acid soon effects the decomposition of this body in solution,

gold sulphide being precipitated
; the reaction is accelerated by heat. This

double thiosulphate exists in combined fixing and toning photographic
baths.

The double thiosulphates of potassium, calcium, barium and magnesium
present similar characteiistics. If the barium salt is treated with the amount
of sulphuric acid required by theory, a solution of the acid auro-thiosulphate,
3H2S2O3.AU2S2O3, is obtained, but it cannot

. be crystallised. It has been
supposed that the calcium salt is more easily formed than the sodium salt,

and, therefore, that calcium thiosulphate was more suitable than sodium
thiosulphate for use in the leaching process, whenever gold was present in
perceptible quantities. According to a series of experiments conducted by
Eussell,^ this was not the case.

Eussell has demonstrated ^ that finely divided gold is soluble to a limited
extent (ie., 0-002 gramme in 1,000 c.c. in 48 hours), in solutions of sodium
thiosulphate of all degrees of concentration. The action depends on the
oxidation of the gold by the air present in the solution, the soluble double
thiosulphate, A.U2S203.3Na2S203 + ^2^? caustic soda being formed.

The formation of this thiosulphate by the action of the sodium salt on
gold sulphide is far more complete and rapid. In twenty-four hours at 15°,

^Stetefeldt, Lixivmtion of Hilvm' Or(% New York, 1888
, p. i?0. 2 p. 19,
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0*066 gramme of gold, and in two Lours at 65^, 0*117 gramme of gold were

dissolved in dilute solutions.

Gold Carbide, AugCg, is formed by passing acetylene into aurous tkio-

sulpliate. It is explosive when dry, and is decomposed by bydrochloxic

acid forming AuCl and acetylene. "V^en treated with water, it yields gold

and carbon.^

Gold Chromate can be obtained as crystals by treating silver chromate
with auric chloride. Sodium aurochromate containing excess of chromate
is obtained by mixing solutions of sodium aurate and chromate. An
excellent photographic toning bath is formed, giving purple to bluish tones.^

Gold Selenate is formed by dissolving gold in selenic acid, see p. 19.

It forms small yellow crystals, insoluble in water but soluble in sulphuric,

nitric, or hot selenic acid. By the action of hydrochloric acid on it chlorine

is evolved and auric chloride and selenious acid are produced. It is decom-
posed by heat with the production of metallic gold. On exposure to light

it becomes dark green and afterwards bronze-coloured.^

Other Compounds of Gold.—^Arsenates, alkyl gold chlorides, mercaptides,

and other complex organic compounds have been prepared.^ Certain thio-

organic compounds of gold are soluble, and can be employed in the

ceramic, enamel, and glass industries for the deposition of the finest layers

of bright metal on various substances.® Textile fabrics, printed with a

gold salt and then treated with a reducing agent, assume a beautiful

grey colour. When the grey fabrics are subjected to heat between rollers,

red, purple, or pink colours are obtained.®

Silicates of Gold.

The existence of auro-silicates is now admitted without dispute, and
gold has for centuries been used to impart coloiu to glasses, the method
used being as follows :—^A solution of chloride of gold is added to a mixture

of sand with alkalies and alkaline earths or lead, and the whole is then fused,

and colourless or yellow transparent silicates of gold thus formed. These

are decomposed by being reheated gently to low redness, oxides of gold, or

more probably metallic gold, being set free, and red or purple colorations

thus obtained. The occurrence of silicates of gold in nature seems to be

doubtful.

Experiments conducted by E. Cumenge tend to show that the alkaline

auro-sflicates, obtained in fche wet way, may have played an important part

in the formation of auriferous quartz. The following conclusions have been

established by these investigations ;

—

1. If an alkaline aurate, obtained by dissolving auric sesquioxide in

caustic soda, is mixed with an alkaline solution of silicate of soda (soluble

glass), the mixture may be concentrated by evaporation until it has attained

^ Mathews and Watters, J". Amer, Chem. Soc., 1900, 22, 108.
2 J. Soc. Chem, Ind., 1900, p. 1038 ;

Thorpe, JDict. of Applied Chemutry, 1912, vol. ii., p. 783.

^Lenher, /. Amer. Chem, Soc,, 1902, 24, 355.
4 For references to the original papers, see Thorpe, Dictionary of Applied Chemistry, 1912,

vol. ii., p. 783.
® Pertsch, Friedldnder’s Fortsch. d. Teerfarhenfahnkation, 1894-97, 1324.
® Odenheimer, J. Soc. Chem Ind., 1892, ii, 600.

’Fr<5my, Fncy. Chim., vol. iii., L’or, p. 62.
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a syrupy consistency without being decomposed. Auro-silicate of soda, is,

therefore, fairly stable, so long as there is an excess of alkali present.

2. The decomposition of this auro-silicate is effected by the addition to
it of hydrochloric acid by which gelatinous silica is precipitated. This carries

down a certain proportion of gold, which gives a rose colour to the white
magma.

3. This decomposition may also be completely effected by the action

of an aqueous solution of carbonic acid under pressure. Thus, if the syrupy,
alkaline auro-silicate is introduced into a bottle of seltzer water, which is

then hermetically closed, the decomposition can be seen to be gradually
going on without the semi-fluid mass being dissolved, and the latter is replaced
at the end of some days by coherent silica, which, on exposure to the air,

assumes a white opaline appearance tinged with rose colour.

4. When gelatinous silica, obtained by the decomposition of an alkaline

auro-silicate, is heated to redness in a current of steam, it assumes either

a beautiful, unalterable rose colour, or a reddish tint with visible grains of

gold, according to the proportion of precious metal present, and the con-
ditions under which the precipitation has been effected.

For researches by Hatschek and Simon on the reduction of gold in gela-

tinous silicic acid, see j). 95.

Sulphides op Gold.

These compounds are prepared as brown or black precipitates by
passing sulphmetted hydrogen through a solution of gold chloride. The
exact composition of the precipitate varies with the temperature and
degree of concentration of the solution, and the amount of free acid
present. Levol and Kiiiss state that AugS is precipitated in the cold,
but^ that only metallic gold and free sulphur are thrown down from
boiling solutions. It seems probable, however, that free sulphur is usually
formed in considerable quantities in both hot and cold solutions, and, as
a general rule, definite compounds are not precipitated, variable mixtures
of the three sulphides with free sulphur and metallic gold being formed.
According to Ditte^ and Antony and Lucchesi,- aurous sulphide is formed
when HgS is passed into an acidified solution of gold cyanide or chlorid(L
It is brown powder, soluble in water when moist. Auro-auric sulphide,
AugSg, is formed by passing HgS into a cold neutral solution of gold chloride
(Antony and Lucchesi

; Christy). Auric sulphide, is obtained as a
deep yellow precipitate by treating anhydrous lithium ' auri-chloride with
HgS at — 10® (Antony and Lucchesi). Similar precipitates are formed by
alkaline sulphides and by sulphides of most of the heavy metals. The
sulphides are soluble to some extent in a saturated solution of sulphuretted
hydrogen, and are easily soluble in hot solutions of alkaline sulphides or
alkalies, or alkaline sulphites, forming double salts so that precipitation
from alkaline solutions is never complete. The sulphides are readily decom-
posed into gold and sulphur by the action of heat, the decomposition being
complete at about 200®. Sulphide of gold is also dissolved at ordinary'
temperatures by potassium cyanide, and is slowly attacked by merciiiT
with formation of mercury sulphide.

^
Ditte, Compt. rend., 189r), 120, 320.

2 Antony and Lucchesi, Ote. Chm. Ttal, 1896, 26
. [ii.], 350.
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When finely divided gold is heated with sulphur and potassium carbonate,

a double sulphide of potassium and gold is obtained, which resists a red

heat and is soluble in water. It is used for the production of Burgos lustre

in gilding china.

^

Purple of Cassius,—This body was discovered by Cassius of Leyden in

1683. It contains gold and oxide of tin, and is used to colour artificial gems,

porcelain, enamel, glass, and glazes, various shades of violet, red, and purple

being thus obtainable. Several methods of preparation are used, of which
the following is that employed at the factory at Sevres ^ :—^Half a gramme
of gold is dissolved in aqua regia composed of 16*8 grammes of hydrochloric

and 10*2 grammes of nitric acid, and the solution is then diluted with 14 litres

of water. To this solution is added, drop by drop, a solution of a mixture

of dichloride and tetrachloride of tin, prepared as follows :—Three grammes
of finely divided tin is dropped, little by little, into 18 grammes of aqua
regia (constituted as above, with the addition of 5 c.c. water), the reaction

is checked by cooling if it is too violent, and the solution of chloride of tin

formed is allowed to cool. The precipitate of purple oxide thus obtained is

finely coloured when it has been washed with boiling water. The purple

precipitate obtained by Muller, by reducing chloride of gold with glucose

in an alkaline solution containing tin oxide in suspension, and by various

other methods not involving the use of tin,^ differs from that prepared by the

foregoing method in losing its colour at a red heat, while the true Purple of

Cassius becomes brick red under such conditions. The true colom* is seen

when metalhc tin acts on trichloride of gold, or when alloys of gold, silver,

and tin are attacked with nitric acid. An alloy containing gold 2 parts,

tin 3*5 parts, silver 15 parts is suitable.^ Moissan obtained a finely divided

mixture of stannic oxide, lime, and gold, having the colom’ and properties

of Purple of Cassius, by distilling gold-tin alloys in an electric fm’uace made
of lime.^

Purple of Cassius when dry is insoluble in alkalies, but when moist it dis-

solves in water and in the presence of very small quantities of acids and
alkalies. When moist it is also soluble in ammonia. The solution pre-

cipitates gold on exposure to light. When dry, no gold is removed from
the purple by mercury. It loses its colom* at the melting point of gold, but

without evolution of oxygen.

The constitution of Purple of Cassius, of which the composition, by
analysis, is variable, has been the subject of much discussion, but has^

not yet been finally determined. Some chemists have considered it to be a

compound containing hydroxides of gold and tin. Debray regarded it as

a lake of stannic acid coloured by finely divided gold. Muller confirms

Debray’s views, showing that fine pm’ple compounds can be made with gold

and magnesia, lime, baryta, sulphate of barium, etc., the colour depending

on the presence of finely divided gold and not on the other constituent.

Schneider® considered that Purple of Cassius, at any rate in its soluble form,

is a mixture of the hydrosols of- gold and stannic acid, and Zsigmondy ^

^ Thorpe, Dictionary of Applied Chenmtry, 1912, vol. ii., p. 782.
^ Fr^my’s Ency. Chim., L’or, vol. v., p. CH.
^ M tiller, J. praht Chem.^ 1885, 30, [ii.], 252.
^ See also Schneider, Zeitsch. anorg. Chem.^ 1893, 5, 80.
^ Moissan, Oompt. rend., 1905, 141, 977.
® Schneider, Zeitsch. anorg, Chem., 1893, 5, 80.
’ Zsigmondy, Liebig's Annalen, 1898, 301, 29, 361 ;

J. Chcm. Soc., 1898, 74» [it], 522, 599.
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regarded it as a mixture of colloidal gold and colloidal stannic acid. This

investigator prepared a red solution of metallic gold in water by mixing
formaldehyde rapidly with a feebly alkaline boding solution of gold chloride.

A solution of about 0*005 gramme of gold in 100 c.c. of water was thus obtained

and concentrated by dialysis, until an intensely red solution containing

0*12 per cent, of colloidal gold was produced. Neutral salts, mineral acids,

and alkalies precipitate the gold and an excess of alcohol changes the colour

of the solution to dark violet, completely precipitating the metal, which
retains the property of dissolving in water. If shaken up with mercury, these

solutions are rapidly decolourised. The gold is also carried to the bottom
by freshly precipitated lead sulphate and other precipitates. Gold purple

of required composition and shade may be obtained by mixing solutions

of colloidal gold and colloidal stannic acid and adding dilute acids or salt

solutions. Precipitated Purple of Cassius prepared by Zsigmondy contained

after washing and ignition 40*3 per cent, of gold and 59*7 per cent, of stannic

acid.

Colloidal gold solutions (see Faraday’s Gold, p. 3) can be readily pre-

pared in many ways, and may be red, blue, violet, or green in colour.^

An interesting method is by the passage of carbon monoxide gas through
a solution of auric chloride containing from 0*002 to 0*05 per cent, of

gold.^ According to Steubing ^ and Gans,^ the various colours of colloidal

gold solutions are due to the diEerence in form of the particles. The size

of the red particles, according to Svedberg ^ and Zsigmondy, varies in diEerent

samples from 1 to about 20 to 30 The solutions are decolourised

when shaken with animal charcoal, barium sulphate, powdered porcelain,,

fibres of filter paper, etc., but are protected from this by gum arabic.®

^Eor details and refei'ences, see Thorpe’s of Applied Chemistry, vol. ii,, p. 785,
2 Donau, J". Chem. 8oc. ,

190.5, 88 , fii. I, 462.
® Steubing, Ann. JPhysik., 1908, 2A [iv.], 329.
^ Gans, J. Chem. Son., I9i2, I02, [ii.], 508.
® Svedberg, ibid., 1909, 96 , [ii.J, 645.
® Donau, loc cit.
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CHAPTER IV.

MODE OF OCCURRENCE AND DISTRIBUTION OF GOLD.

Dissemination of Gold.—THe wide distribution of gold in minute quantities

tbrougbout the world was pointed out by J. R. Eckfeldt and W. E. Dubois,

Assayers in the United States Mint, in 1861.^ They found 17| grains of

gold per ton of galena from Ulster, New York, and 12 grains of gold per ton
of Spanish bar lead. A copper cent, of 1822 contained 1 part of gold in

14,600, and an English halfpenny a similar amount. Some metallic antimony
contained 1 part in 440,000, bismuth 1 part in 400,000, 2inc none. The
clay deposit underneath the City of Philadelphia was found to contain 1 part

of gold in 1,224,000, or 13 grains per ton. The wide dissemination of gold

is further attested by a large number of specimens now in the Percy collection.^

These consist of small specks of gold of difierent sizes which have been
obtained from the most varied sources. Thus, samples of Pattinson’s crystal-

lised and uncrystallised lead, pig lead from all countries, lead fume, red lead,

litharge, white lead, precipitated carbonate of lead and acetate of lead were
all found to contain gold, which seems to be invariably present in galena.

Moreover, it appears to be impossible to procure samples of copper in which
gold cannot be detected, although the Lake Superior copper contains less

than 1 part in 1,000,000 ; the bronze and copper coins of all nations are

usually found to contain much greater quantities of gold than this. Similar

evidence has been adduced which tends to show that all ores of silver,

antimony, and bismuth contain gold.®

L. Wagoner ^ found minute quantities of gold and silver in a number of

rocks taken from localities remote from veins or regions known to contain

valuable minerals. The table on p. 76 gives his results, which are assays

made by cyanide, and do not pretend to give the exact values of the rocks,

but only the amounts extracted. By calcining and grinding, one of the

samples showed 20 per cent. more.

The average amount of silver is seen to be about twenty times that of

gold. The richest specimen contains over 17 grains of gold per ton.

J. E. Spurr ® drew the deduction that igneous and metamorphic rocks

contain more gold than sedimentary rocks, and that the order of richness

of the sedimentary rocks in gold and silver may, on further investigation,

prove to be (1) clays and shales, (2) sandstones, (3) limestones. The gold

is no doubt derived in these cases from the sea, and is concentrated where much
organic matter is present. It was found many years ago at the Royal Mint

that coal from the North of England contained gold, and gold is also found

^ Dubois, J. Amer. Phil. Soc . , June, 1861 ; Ameo\ J. JSfiimmnatics, Oct. 1885.
^ See Percy and Smith, Phil, Mouej.^ April, 1853 ; Feb. 1854.
® Log. cit., and F. A. Smith on Bismuth, etc., J. Soc. Chein. Ind.^ 1893, I2, 31<).

* Wagoner, Trans. Amer. Inst. Mng. Eng.t 1901, 3 If 798.
® Spurr, ibid

, ,
February and May, 1902, p. 21.
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TABLE XVIL

!

Parts per Million.

Gold. Silver.

1. Granite, California, .... O-IOJ 7-66

2. ,
.... •137 1-22

3. „ „ .... •115 0-94

4. ,, Nevada, ..... M30 5*59

5. Syenite, „ ..... 0-720 1543
6. Sandstone, California, .... •039 0*54

7. „ „ .... •024 45
8. „ „ .... •021 32
9. Marble, „ .... •005 •212

10. ,, Carrara, ..... •0086 •201

11. Basalt, California,..... •026 •547

12. Diabase, . •076 7440

in coal of Cambrian age in Wyoming. A very ricli deposit occurs in a bed

of lignite in Japan.^

E. 0. Lincoln ^ gives many records of the occurrence of “ primary ” gold

(as distinct from gold subsequently deposited by infiltration, etc.), in rocks

and waters. The amounts for igneous rocks range from 0 to 5 grammes
per ton, the average gold content being 0-062 part per million, or 1 grain per

ton. In sedimentary rocks, he estimates the average to be 0-015 part per

million, and in sea water 0*028 part per million, or nearly half a grain per ton.

Gold in Sea Water.—^The discovery of the occurrence of gold in solution

in sea water was predicted by Percy,® and made by Sonstadt,^ who states

that it is far less than 1 grain per ton. Liversedge subsequently showed ^

that the amount of gold in sea water ofi the coast of New South Wales is

from 0*5 to 1 grain per ton, or in round numbers from 130 to 260 tons

of gold per cubic mile. Dr. Don® could not precipitate the gold from sea

water either by charcoal, by insoluble sulphides, by metals or by a current

of electricity. Wagoner ^ found 0-17 grain of gold per ton of water of! San
Francisco, and from 0*6 to 3*7 grains per ton of water from the depths of

the Atlantic. In Chesapeake Bay, there was only 0*2 grain per ton. A
statement has been made that about grain of gold per ton occurs in the

water round the English coasts.

P. de Wilde® found from 0 to 64 milligrammes per ton of sea water, the

water from the North Sea containing none. Friedrich® examined many
samples of the salt deposits of Germany, the product of crystallisation from
ancient seas, and found generally unweighable traces of gold in them. In six

^ Gowland, Noti-Ferroiiii Metah% p. 107.

^Lincoln, Economic Gcolcxjtj, May, 1911; Mining Mag., July, 1911, 5 , 71.
3 Percy and R. Smith, PML Mag., Feb. 1854.
^ Sonstadt, fJheni. News, 1872, 26 , 159 ;

ibid., 1892, 65 , 131.
s Liversedge, Roy. Soc. of New South Wales, paper read on Oct. 2, 1895 : see (diem.

Neivs, 1896, 74, 146, 161, 166, 182, and 191.
^Don, Proc. Amcr. Inst. Mng. Eng., 1897, 27, 564.
^ Wagoner, loc. at. and Trans. Amer. Inst. Mng. Eng., 1907.
s P. de Wilde, Archives des sciences %diysiqucs ct naturellcs, Genf, 1905, i)p. 559-580

;
,/.

Okeni. Soc., 1905, 88 , [ii.], 532.
® Friedrich, Metallnrgie, 1906, 3 , 627.
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samples gold was found in weighable quantities, varying from 3 to 13-

milligrammes per ton. Liversedge,^ however, had previously found 2*03*

grains of gold per ton of Stassfurt salt, 1*7 grains per ton in rock salt from
Cheshire, and larger quantities in kelp and bittern. The form in which
gold exists in sea water is unknown, and the problem of its profitable

extraction is still unsolved in spite of much patient research.

Gold Ores.—Gold is obtained

—

(1) From quartz veins (also called lodes,

reefs, or leads) in rock formations. In this division may be included re-

placement-deposits, disseminations in rocks, and also, for example, the
marine deposits accumulated in shallow water, such as the conglomerates

of the Transvaal (2) From placers or the alluvial deposits of ancient and
modern streams. Modern beach deposits and loose sands or gravels generally,

may be included in this section.

One of the most striking difierences between the ores of gold and those

of all other metals lies in the extremely small proportion which the desired

material bears to the worthless gangue with which it is accompanied. Occa-
sionally hand specimens in vein stuS are found containing several per cent,

of the precious metal, but these are of quite exceptional occurrence, and have
not the slightest economic importance. The greater part of the vein gold

now being produced is derived from ores containing only about one part of

gold in seventy or eighty thousand, whilst, under exceptional circumstances,

a yield of one part in half a million parts of gangue may give handsome
profits. Placer deposits are usually much less rich than this

;
the average-

amount of gold contained in those now worked does not exceed one part in

one million, and in California deposits of gravel with only one part of gold

in fifteen millions have proved susceptible of successful treatment by hydraulic

mining on a large scale.

(1) Vein Gold.—In this case the metal, whenever it is present in visible

grains or masses, has sharp angular edges, although it is usually not distinctly

crystalline. It frequently penetrates the rock irregularly in various directions,,

and is completely interwoven with, and attached to the matrix, usually

quartz, so that the metal cannot be separated from the rock without crushing

the latter.

The gold in lodes is sometimes in the form of crystallisations, which are,,

however, exceedingly rare, and crystals of gold are still probably unknown
to most miners, although they occur more frequently in placer deposits.

Arborescent branching and dendritic masses of crystalline gold are more
common than single crystals in both quartz lodes and placer deposits. The-

crystalline forms met with have already been described, p. 10. In the

Transylvanian lodes, gold occm-s chiefly in thin sheets or plates, often as.

much as from half an inch to two or more inches in breadth. Such plates,

are rarely thicker than a visiting card, and are generally covered with

crystalline lines and markings, revealing a distinct geometrical structure..

Gold also occurs in wire-like forms, sometimes penetrating crystals of other

minerals, such as calcite and dolomite.

It frequently happens that the gold in lodes, etc., is in a state of fine

division and is not visible without magnification.

The country rock with which auriferous quartz reefs are associated

generally consists of slates or schists, especially hydromica and chloritic

slates. Gold also occurs sparingly in similar veins in granite and gneiss.

^Liversedge, J. Chem, Soc.t 1^97, 298.
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Serpentine sometimes forms the walls of aiu’iferous quartz lodes. Gold also

occurs in the midst of rock formations without any obvious connection

with quartz veins. Among such rocks are granite, aplite, gneiss, eurite,

quartz-trachyte, syenite, andesite, basalt, diorite, gabbro, diabase, schists,

porphyry and slate. These deposits seldom pay to work, and in that case

can hardly be called gold ores.

Veins of auriferous quartz rarely occur except in association with eruptive

rocks, such as dykes of diabase or diorite. So close is this association that

we are led to believe that the eruptive rocks are the means by which the

gold has been brought up towards the earth’s surface, and from thence

concentrated by slow aqueous action in the quartz-veins.

^

J. E. SpuiT writes ^
“ Native gold has been found in both basic and acid

rocks. It has also been detected in the dark ferro-magnesian silicates of

rocks of all degrees of acidity. The commercially-valuable concentrations

of gold are generally connected, now with basalt or gabbro, now with diorite,

now with phonolite, rhyolite or granite. They occur also in many difierent

forms, as replacement-deposits in limestone, as disseminations in igneous

^nd sedimentary rocks, as contact-deposits near intrusive masses, and in

fissure-veins.”

(2) Placer Gold and Nuggets ,
—^Placer gold is usually in the form of small

scales, but pellets or rounded grains also occur, the small pieces being called

“ gold dust,” while large masses or nuggets are usually of a rounded mam-
nhlated form. The chief difference between the appearance of placer and
vein gold lies in the fact that the former is always rounded, showing no

sharp edges, even the crystals having their angles smoothed and rounded

off. This has been pointed to by the advocates of the erosion theory of the

origin of placer gold, as evidence in favour of their views, the roundness of

the fragments being taken to prove that abrasion of the gold has been effected

by attrition with water and grains of sand. “ Quite commonly nuggets

contain pieces of quartz, or they are sometimes embedded in quartz, where,

in contact with the gold, the quartz is always angular and just such as occurs

in reefs, and not rounded and water-worn, as would be the case if the gold

had accumulated while in the alluvial deposits. Limonite frequently occurs

.associated with the gold of nuggets, sometimes with, at other times without,

quartz.” ^

The largest masses of gold yet discovered have been found in auriferous

gravel. The ‘‘ Blanch Barkley ” nugget, found in South Australia, weighed
146 lbs., and only 6 ozs. of it were gangue

;
and one still larger, the “ Wel-

come ” nugget, from Ballarat, Victoria, weighed 2,195 ozs., or 183 lbs., and
yielded gold to the value of £8,376 10s. 6d. It was found at a depth of 180
feet. The largest nugget ever found was “ The Welcome Stranger,” of

2,520 ozs. gross weight, containing 2,284 ozs. of gold. It was discovered in

1869 at Moliagul, Victoria, in a rut cut by a dray wheel, only a few inches

below the surface of the ground, and was associated with 68 lbs. of quartz.

In all, thirteen nuggets of over 1,000 ozs., and 1,327 of over 20 ozs. in weight
are recorded as having been found in Victoria,^ but many others were not
recorded. In Russia a mass of gold was found in 1842 near Miask, weighing

^ W. Topley, Brit. Assoc. RepoTt, 1887, p. 512.
^Spurr, Trans. Amer. Inst. Mwj. JSng., February and May, 1902. “Igneous Rocks as

related to Occurrence of Ores.”
® E. J. Dunn, Memoirs of Geol. Surveii of Viet., No. 12, 1912.
^E.J. Dunn, ^oc.
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96 lbs. troy. Tbe largest mass from California is given in the State Miner-

alogist’s report as weighing 2,34:0 ozs., or 195 lbs., but no authentic cases

seem to be on record of nuggets from this State weighing more than 20 lbs.

Minerals Associated with Gold.—^The minerals most common in placer

deposits are platinum, iridosmine, magnetite, iron pyrite, ilmenite, zircon,

garnets, rutile and baryte ;
wolfram, scheelite, brookite and diamonds are

less common. Diamonds are associated with gold in Brazil, and also occa-

sionally in the Urals and in the United States. In auriferous quartz lodes ^

the mineral most commonly associated with gold is pyrite. When pyrite

is present, as is generally the case in auriferous quartz, the gold is almost

always contained in the pyrite itseM (see Gold in Pyrite, below). The pyrite

is in rare cases replaced by pyrrhotine, which is found, for example, at Charter’s

Towers in Queensland and Passagem in Brazil. Pyrite is often accompanied
by complex sulphides, which may themselves be auriferous, the most im-

portant being chalcopyrite.^ Mispickel is found in a number of auriferous

deposits in many parts of the world, notably at Pestarena, in California,

the Urals, Brazil, Honduras, and Matabeleland. Auriferous stibnite is also

far from uncommon, and is sometimes rich in gold, which is, however, irregu-

larly distributed. Among the locahties in which this is found may be

mentioned the Murchison Range, Mashonaland, Armida. in New South Wales,

and Kremnitz in Hungary (De Launay), Galena and zinc blende are often

found with gold; and grey copper, tetradymite and many other sulphides

are less commonly associated with it. Tellurides of gold are very widely

distributed, occurring especially in Western Australia, at Cripple Creek in

Colorado and in Transylvania. Gold is associated with selenium at Redjong
Lebong in Sumatra. In gossans limonite occurs with gold as commonly as

pyrite in unoxidised ores, and other metallic oxides, especially ilmenite and
magnetite, although not containing gold, are often found with it. There

must also be mentioned the frequent association of gold with calcite, and to

a less extent with dolomite. Among other minerals occurring with gold are

tourmaline, molybdenite, pyrolusite, tetradymite, uranium ochre, roscoelite,

vanadinite, crocoite, wollastonite, g3rpsum and alunite.® The recognition

of minerals as indicators of the presence of gold has been much discussed,

and for particular localities valuable information may be obtained in this

way. Speaking generally, however, there is no mineral, except gold itself,

which infalhbly indicates the presence of gold, and the absence of which
denotes the absence of gold.

Gold in Pyrite.—^As stated above, the sulphides present in auriferous

quartz usually contain gold
;
the gold in such an ore is usually in part quite

free, disseminated through the quartz, in which visible grains of the metal

often occur, and in part locked up in the pyrite, whence but little can in

general be extracted by mercury. Dr. Don found that in many lodes in

Australia, traces of gold at least were present wherever pyrite could be

found and absent when no pyrite could be detected.

In seeking to explain the behaviour of gold in pyrite, when the ore in

which it occurs is treated in various ways, various theories as to the form
in which it exists have been propounded. According to one of these, the gold

^ T. A. Rickard, Trans. Inst. Mng. mul Met., 1898, 6, 194.
2 De Launay, The Worlds Gold (Londou, 1908), p. 31.
® T. A. Rickard, Trans. Inst, Mng. ayid Met., 1898, 6, 194; Louis, Mandhooh of Gold

Milling, p. 7, gives an almost complete list of minerals occurring with gold.
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is supposed to exist in the pyrite in the form of sulphide combined with

sulphides of iron, silver, copper, etc., and the refusal of the gold to amalgamate
is explained in this way, auric sulphide not being acted on by mercury. Some
observers have endeavoured to dissolve gold out of pyrite by the action of

alkaline sulphides, and when, after many attempts, this was at length success-

fully accomplished, it was put forward as additional evidence that the gold

must have been in the state of sulphide, although metallic gold is known
to be soluble in these solutions.

The balance of evidence, however, seems to be in favour of the theory

that gold exists in pyrite in the metallic state. Although the metal is gener-

ally invisible in undecomposed crystals of pyrite, it becomes visible when such

crystals are oxidised either by air and water in nature, or by means of nitric

acid, or by being roasted or subjected to deflagration with nitre. As a result

of such decomposition, particles of bright, lustrous gold, angular and ragged

in shape, but of considerable size, often become apparent. These particles

may be separated from the oxides of iron by washing
;
and the use of nitric

acid, followed by panning, is frequently resorted to in order to detect gold

in pyrite. Moreover, although usually invisible, gold can sometimes be
seen in unroasted pyrite. As long ago as the year 1874, Kichard Daintree

and J. Latta found specimens of cubical pyrite,^ in which gold could be seen

under a microscope gilding the cleavage planes of the crystals. Again, G.

Melville-Attwood, on examining crystals of auriferous pyrite from California

in 1881,^ found that the faces of the crystals were gilded in some places,

and that here and there little specks or drops of gold occurred, partially

imbedded in the pyrite. These films were too thin to be detected by an
ordinary lens, so that it did not seem surprising that such impalpable material

could not be taken up by mercury. Louis Janin, Jr., more recently ^ found

crystals of pyrite in a porphyritic gangue from the Republic of Colombia,

which had gold in small globules on their surfaces. Lastly, it has long been
known that crystals of pyrite are often found adhering to an amalgamated
plate, the particles of gold on their surfaces having been amalgamated,

It seems likely, in view of all these facts, that most if not all of the gold

is in the metallic state, and its occasional refusal to amalgamate is not very

surprising, when it is remembered how completely a thin coating of certain

sulphurised compounds prevents amalgamation, and how readily sulphuretted

hydrogen would be evolved from decomposing pyrite. It has been con-

tended that the metallic gold is disseminated mechanically through the mass
of pyrite, but the action of potassium cyanide, in dissolving the whole of the

gold out of comparatively coarsely crushed pyrite, seems to point to the

correctness of the view that the interior of the crystal is not auriferous, the

deposition of the gold being superficial, so that the emichment of the pyrite

is confined to its crystalline faces, and possibly, but not probably, to its

cleavage planes. Strong evidence of the richness of the outside of the crystals

of pyrite in the Banket ore of the Transvaal is given by Caldecott.^

The following details ® of a microscopical examination, by Prof. Morton,

1 Daintree and Latta, Proc, Royal Soc, of New tiouth Wales, 1874 ;
“ Iron Pyrites.”

2 Melville-Attwood, Precious Metals in. the United States, 1881, G04.
3 .Tanin, Mineral Industry, 1892, I, 249.
^ W. A. Caldecott, J. Cliem. Met. and Mng. Soc, of S, Africa, Dec. 1903, 4, 196 ; Trans.

Inst. Mng. and Met., 1904, 14, 51.
3 Morton, Mineral Industry, 1892, I, 249,
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of tlie condition in wMch pyrite is left after being leacbed with cyanide,

confirms this view :

—

“ Upon the ordinary auriferous sulphide of iron, or arsenical pyrite,

the solution of potassium cyanide acts readily, not by dissolving the sul-

phui'et, but by attacking the gold upon its exposed edges, and eating its

way into the cubes by a slow advance, dissolving out the gold as it goes.

An examination with the microscope of the pyrite after the gold has been

removed, suggests the method of the operation. A sample of very rich

pjuite from a mine north of Bedding, was treated with a weak solution,

containing less than two-tenths of 1 per cent, of cyanide, for 168 hours;

the assay showed a complete extraction of the gold
; as the sulphurets

showed no change in their appearance to the naked eye, some of them were

placed under the microscope.
“ There is no change visible in the form of the crystals as a whole

;
along

the fractured faces the mispickel looks clean and unaltered, showing the

silvery-white colour and intense refraction of the arseno-pyrite. Upon the

faces of the crystals appear dark lines, short, and parallel to each other. In

places they are crowded close together ; in other parts they are at considerable

distances, but always in parallel lines. The lines vary in length, being from
four or five to over a hundred times their width ; the lines are very irregular

and often broken. These lines are fissures in the pyrite, and extend so deep

into it that the microscope does not reveal their depth. By using the higher

powers the walls of one of the fissures were seen to be completely honey-

combed, looking somewhat like two empty honeycombs set opposite each

other
;

evidently the mineral removed was crystallised along its contact

walls at least. As the raw or untreated pyrite does not show any such fissuring,

but, upon the contrary, shows a surface marked only by striation lines common
to pyrite, I assume that the fissuring in the treated sample is caused by the

solution acting upon some soluble mineral, probably gold, arranged in plates,

occurring in groups, but which, by its colour and isomorphism and the extreme
tenuity of its lines, is undistinguishable from the mass of pyrite enclosing

it.”

H. L. Smyth, W. Lindgren, and W. J. Sharwood ^ examined a number
of specimens in which gold was associated with pyrite, and found that under

the microscope, the gold could be seen at the smface of the pyrite or deposited

in minute cracks in it, but never entirely enclosed within it.

Tellurides.—Certain tellurides, existing as distinct mineralogical species,

contain gold as an essential constituent. These are described below.

^

Calaverite is a bronze-yellow gold telluride, usually containing 2 or 3 per

cent, of silver, occurring in Western Australia and in certain mines, in Cali-

fornia and Colorado. It is named after Calaveras County, California, where
it was first found (Rickard). E. S. Dana gives the analysis by Genth as

gold 40*7 to 40*9 per cent., tellurium 55*9 to 56 per cent., silver 3 to 3*5 per

cent., corresponding to the formula (AuAg)Te2
.^ The compound AuTcg

can be formed by fusing the two elements together, but not readily in the

wet way. The following analyses of calaverite are given by Charleton :
— ^

^ Smyth, Lindgren, and Sharwood, Mng. and JScL JPress, July 14, 1906 j Aug. 15, 1906;
and Jan. 26, 1907.

2 See T. A. Rickard, Trans. Inst. Mwj. and Met.^ 1899, 8 , 74-78 ; A G. Charleton, Gold
Mining and Milling in W. Australia, pp. 104*107

; Carnot, Compt. rend,, 1901, 132, 1298.
3 T. A. Rickard, Trans. Amer. Inst Mng. Eng., 1900, 30, 712.
^ Charleton, loc. ait

6
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TABLE XVIII.

Gold. Tellurium. Silver. Total.

1. From Kalgoorlie

(E. Simpson).

41-37 57-27 0-58 99-22

2. From Kalgoorlie

(J. C. H. Mmgaye).
41-76 56-64 0-80 99-20

3. From Kalgoorlie

(P. Krusch).

58-63 37-54 2-06 99-91

4. From Cripple Creek

(W. F. Hildebrand).

38-95 57-27 3-21 99-43

5. From Cripple Creek
(F. C. Knight).

40-14 56*22 3-63 99-99

6. From Cripple Creek
(Genth).

40-70 55-89 3-52 100-11

Tke densities were as follows :

—

No. 1, 9-311

No. 2, 9-377

No. 6, 9-043

No. 3 contained also 0-29 per cent, of copper, 0*09 per cent, of iron, 0-07

per cent, of nickel, 1*13 per cent, of selenium and 0-10 per cent, of sulphur.

The names given are those of the analysts,

Calaverite can be most readily distinguished from pyrite, according to

Eickard, by its being easily cut by a knife and by rarely occurring in any
other than a massive form.

Krennerite is similar in composition and appearance to calaverite but is

orthorhombic. It occurs in Transylvania and Cripple Creek.^

Sylvanite, called also graphic tellMrium, is a telluride of gold and silver,

supposed to correspond to (AuAg)Te2 . It sometimes contains antimony
and lead in addition. It is usually steel-grey to silver-white, but is some-
times nearly brass-yellow in colour. The arrangement of the crystals

sometimes bears a resemblance to writing characters, whence the name
graphic. The following analyses agreeing in composition with sylvanite

by F. C. Smith are from the Black Hills, South Dakota, and from Cripple

Creek respectively ^ :

—

All. Ag. Te. Total.

I., . . . 7*64 32-39 59-96 100-00
II., . . . 5-61 34-23 60-16 100-00

It occurs also at Kalgoorlie, in Transylvania, and in Calaveras County,
California. Analyses of Kalgoorlie sylvanite given by Charleton prove it

to contain gold 25 to 28 per cent., silver 13 to 15 per cent., and tellurium

56 to 60 per cent.® T. A. Eickard states that sylvanite is the characteristic

telluride of Cripple Creek, and of Boulder County, Colorado, just as

calaverite is of Kalgoorlie.^

^ Chester, Amer. J. of ScA., 1898, 5, [iv.], 37.5.

2 F. 0. Smith, Trans. Amcr. Inst. Mug. Eng.j 1897, 26, 485.
2 Charleton, loc. cit.

Eickard, Trans. Amor. Inst. 3Inf/. Eng.^ 1900, 30, 712.
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Petite is a telluride of silver, AggTe, in which the silver is partly replaced

by gold. A specimen from the Golden Rule Mine, according to Genth,

eontained tellurium 32*68 per cent., silver 41*86 per cent., and gold 25*60 per

cent. It occurs in West Australia, Transylvania, Chili, California, Colorado,

and Utah. It is black or steel-grey in colour, and is slightly harder and
more brittle than sylvanite (Rickard). Charleton quotes ^ the following

analysis of Kalgoorlie petzite, made by F. W. Grace The specimen had a

specific gravity of 9 and a hardness of 2*5 to 3. The composition was gold

24*64, silver 40*47, tellurium 34*60, mercury 0*29.

Nagyagite or Foliated Tellurium, a sulpho-telluride of gold and lead, with

a few per cent, of antimony, is remarkable for being foliated like graphite,

which it also resembles in its colour, a blackish lead-grey, and in having a

hardness of from 1 to 1*5 only. Its density, however, is above 7. It occurs

in Transylvania, and contains, according to one analysis, tellurium 32*2,

lead 54*0, gold 9*0 to 13*0 per cent. According to Louis it corresponds to

the formula Au2Pbi4
^Sb3Te7Si7 .

Kalgoorlite is an iron-black mineral with sub-conchoidal fracture occurring

at Kalgoorhe, Western Australia, and also in Colorado and Transylvania.

Its analysis corresponds to the formula HgAugAgeTeg.^ The analysis by
J. C. H. Mingaye gave gold 20*72, silver 30*98, mercury 10*86, tellurium

37*26, copper 0*05, sulphur 0*13. The proportion of mercury is very variable.

It is massive and brittle, with a brilliant metalhc lustre (Charleton).

. Coolgardite is a sesquitelluride, (AuAgHg) 2Te3 ,
from Kalgoorlie, described

by Carnot.^ According to Spencer ^ and Liveing,® kalgoorlite and coolgardite

are not true mineral species, but mixtures of coloradoite, HgTe, with the other

tellmddes. At Kalgoorlie, at the Cripple Creek district, Colorado, in Transyl-

vania, in Boulder County, Colorado, and in many other localities, the value

of the ore depends on the tellurides of gold contained in it.

At Cripple Creek, where the deposits are of late Tertiary age, it is the rule

to find the tellurides in crystallised form, whereas at Kalgoorlie they are

almost without exception in massive form. The age of the Kalgoorlie deposits

is pre-Cambrian.® The oxidised portions of telluride ores contain finely

divided yellow amorphous gold or mustard gold, and sometimes lemon-yellow

tellurium-ochre or dioxide of tellurium (Transylvania and Boulder County),

which is usually, however, converted into tellurite of iron, discovered by
Knight."^ The dull-looking gold from the oxidised ore of Mount Morgan,
Queensland, has been recognised- as having been derived from tellurides.

Mustard gold occurs at Kalgoorlie in yellowish splashes like yellowish clay,

and can be distinguished by burnishing (Rickard). The telluride ores of

Kalgoorlie and Cripple Creek contain pyrite disseminated throughout them.
Among the minerals specially associated with tellurides of gold, fiuorite and
roscoehte are especially notable, according to Rickard.® Fluorite character-

ises the telluride ores of Cripple Creek and Boulder County and roscoelite, a

brownish-green hydro-mica containing vanadium, is found at Kalgoorlie, and

Charleton, op. cit, p. 107.
2 Pittman, Records Geol. Survey, JSf.S,W,, 1898, 5 , 203. ® Carnot, loc. cit.
^ Spencer, J, Chem. Soc., 1903, 84, [ii.], 378; Mng, Mag. and PacijiG Coast Miner, 1903,

13, 268.
^ Liveing, Bng. and Mng. J., 1903, 75, 814.
« See also Lindgren, Mng. and Sci. Pt'ess, April 13, 1907, p. 472.
7 T. A. Rickard, Trans. Amer. Inst. Mng. Eng. , 1900, ^0, 708.
8 Rickard, loc. cit.

^
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especially in the tellurides of Boulder County. Calcite is characteristic,

of the Kalgoorlie telluride ores. Sylvanite, petzite, calaverite, and nagy-

agite occur in Canada.^

Composition of Native Gold.—^Native gold always contains silver, which

occurs in varying proportions, the colour becoming paler with the increase

of silver. In addition, small quantities of copper and iron are almost always,

present, and other metals are also sometimes found. The finest native gold

yet found is that from the Pike’s Peak Mine, Cripple Creek, which was.

999 fine.^ The mean fineness of Colorado gold is, however, only about 800.

The gold from the Mount Morgan Mine, Queensland, was formerly stated

to be 997 fine, but as the gold had been extracted by chlorination, more
silver may have been present originally. The finest Russian gold was that

formerly obtained at Katerineburg in the Urals, and yielded gold 989*6,

silver 1*6, copper 3*5, and iron 0*5 (G. Rose). Gold dust from West Africa

has been found to contain 978*1 of fine gold, the remainder being silver.

The gold found in the British Isles varies from 800 to-900 fine, the remainder

being silver
;
the specimens from the district around Dolgelly are sometimes,

a little over 9C0 fine. The gold in the Andes is often no more than 600 or

700 fine, but from the Darien Mine it is about 990. Gold from Brazil varies,

from 737 to 978 fine.^

Native gold generally contains more than 99 per cent, of gold and silver-

taken together, and from 0 to 1 per cent, of copper, iron, etc. Native gold

is usually coloured yellow owing to the predominance of gold, but nearly

white electrum occurs native in a number of localities, and the proportion

of silver, according to Phillips,^ may exceed half the weight of the mixture,

and certainly reaches 39 per cent. Native silver is usually free from gold,

but a nugget of silver from Bolivia was found by D. Porbes to contain 2*5 per

1,000 of gold.^

According to Gowland,® placer gold in Japan ranges from 620 to 904 in

fineness, vein gold in Japan from 566 to 926, and placer gold in Korea
from 764 to 873.

Placer gold is usually finer than that derived from lodes, containing a

smaller percentage of silver. The average composition of the placer gold

formerly obtained in California was given as^ gold 883*6, silver 112*4, base

metals 4*0. Australian placer gold averages about 950 fiiie.

Gold is occasionally found alloyed with copper, and sometimes also with
iron, bismuth, lead, mercury, tin, antimony, palladium, or rhodium. Rhodium
gold from Mexico was found to be of the specific gravity 15*5 to 16*8 and
contained 34 to 43 per cent, of rhodium. Palladium gold is called porpezite.

The native alloy of palladium, gold and silver from Porpez contains 85*98

per cent, of gold, 9*85 palladium and 4*17 silver (Berzelius), A native

amalgam of gold is found in small yellowish crystals of specific giuvity

15*47 in the native mercury of Mariposa in California, containing gold 39*02,

to 41*63 per cent., and the rest mercury. An amalgam of gohl and silver

is found in small soft white grains at Choco, New Granada, It contains

^ Cairnes, Can. Mng. J., April 1, 1911, p. 265.
^ Furman, Colliery Manayer and Metal Miner. Oct. 1890, p. 89.
3 IfHKJ. p. 160.
^ (1867), p. 2.
® Fercy, and Gold (1880), p. 190.
® GowJand, Non~fero'om Metals (1914), p. 198.
7 Report of the U.S. Census, 1880, 13, 352.
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88*39 per cent, of gold, 5*00 of silver and 57*40 of mercury.^ Maldonite, from
Maldon, Victoria, contains gold 64*5, bismuth 35*5 (Louis).

Geographical Distribution of Gold.—^It is pointed out by De Launay ^

that many goldfields have been worked out and abandoned, and that the

existing goldfields will similarly lose their importance in course of time.

All the districts from which the ancients derived their gold have long since

eeased to yield any appreciable amount of the metal, and the days of

activity have been almost forgotten. As Be Launay says, ‘‘ A day will,

perhaps, even come in the near futm:e when the Californians will be

astonished on hearing that their ancestors gathered gold in their rivers, as

might be the inhabitants of the Adour basin, the Malaga district, the plain

of Granada, or the Po Valley on reading that placer working once existed in

their country.” ^

Among the richest goldfields in ancient times were those of Armenia,

Chaldsea, Asia Minor and Egj^t. Of these, Asia Minor included the Pactolus,

from which were drawn the riches of Croesus, Thrace, Arabia and some
of the ^gean Islands were also celebrated before the Christian era. The
Eomans obtained their gold from Spain, the Pyrenees and the Alps, from
Dalmatia and, above all, from Transylvania, which is still a goldfield.

Coming to the geographical distribution of gold at the present time, in

the British Isles gold is found in some of the streams of Cornwall and in

lodes and river gravels near BolgeUy and in other parts of Wales, in Suther-

landshire, and near Leadhills in Scotland, and in the County of Wicklow.
On the Continent of Europe, gold is most abundant in Hungary and Transyl-

vania, where the gold occurs in quartz lodes contained in eruptive rocks

of tertiary age, chiefiy propylite, porphyry, diorite and granite. The minerals

occurring with the gold are galena, blende and pyrite. Gold mines have
long been worked in Tyrol. In the German Empire, the gold obtained is

•chiefly derived from the smelting of argentiferous galena, in which small

quantities of the more precious metal are contained. In Italy the only

important mines are those of Pestarena and Val Toppa in North Piedmont,
near Monte Eosa. Gold is also found in the sands of the Ehine, the Eeuss,

the Aar, and other rivers, and in small quantities in Sweden and Finland.

A little gold comes from Spain (Corunna, etc.), and Servia.

The gold-bearing districts of Eussia are (1) the Urals, (2) Eastern and
Western Siberia, whilst an insignificant amount is also derived from Finland
and from the Caucasus. The gold was formerly derived chiefly from lodes

both in the Urals and in Western Siberia, but is now almost entirely pro-

duced by the placers of Siberia.^

In India, almost all the gold now being produced is derived from the

quartz lodes of the Colar goldfield, Mysore, in Southern India, in which
work was begun in the year 1880. A little gold also comes from the Presi-

dencies of Madras and Bombay. In China, Korea, and Japan considerable

quantities of gold are produced
;

little is known of the methods used and
of the amount produced in China. Some gold is obtained from the auriferous

sand of Bokhara. Among other gold-producing districts of Asia and the

adjoining islands may be mentioned Annam and other countries in French

^ Rammelfiberg, Minercdchmiia^ p. 10.
2 De Launay, The World's Gold, p 81, et seq.
^ See also T. A. Rickard, “ Persistence of Ore in Depth,” Trans. Inst. Mng. and Met.,

Nov. 1914.
^ See Mineral Industrij, 1892, p. 203, and Levat, L'or en Siherie Orientate {Paris, 1897).
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GKina, tlie Malay Peninsula, tlie islands of Borneo, Celebes, Sumatra, Min-
danao in tbe Pbilippines, and New Guinea.

Prom the United States a large percentage of tbe total gold production

of tbe world is obtained. The chief producing States are California, Colorado,

Dakota, Montana, Alaska, Arizona, and Utah, but smaller amounts come
from many other States. The produce is now far more from lodes than from
placer deposits, and in the treatment of auriferous quartz and pyritic ores-

almost all the known methods of treatment are applied in di:fferent localities.

Canada (Yukon Territory, British Columbia, Nova Scotia and Ontario)

produces large quantities of gold, and gold ores are also found in various

parts of Mexico, Colombia, Bolivia, Chih, Venezuela, Brazil, Peru, and the
small States of Central America. The production of several of these countries,

was formerly much larger than it is at the present day, the reduction being
especially^ marked in the cases of Brazil and Venezuela.

Gold is somewhat widely distributed in Africa, the chief sources of pro-
duction in former times being the placer deposits of the Gold Coast and
Abyssinia. The discoveries of auriferous conglomerates in the Transvaal
since 1884 have converted that region into the most important gold-producing
country. Rhodesia and West Africa are large producers, and some gold
comes from Egypt, Madagascar and the Soudan.

Gold is found in all the Colonies of Australia, and in Tasmania and New
Zealand. In Western Australia, Kalgoorlie or East Coolgardie is by far
the richest goldfield. Other important districts are Murchison, Mount
Margaret, North Coolgardie, East Murchison and Coolgardie. The chief
gold-producing districts of Queensland are Charters Towers, Rockhampton
(where the Mount Morgan mine is situated), Croydon and Gympie. Almost
all the gold is produced from the quartz mines, the placers having been
practically exhausted. The chief producing districts in Victoria are Ballarat,
Sandhurst (Bendigo), Beechworth, Maryborough, Castlemaine, Gippsland,
and Ararat.

The table given in Chap. XXL gives the quantities of gold now being-
produced from all the more important goldfields of the world.

Geological Age of Gold Deposits.—It has been demonstrated above
that deposits of gold occm’ in many difierent kinds of rock and in most
countries of the world. At each centre of gold mining the conditions are
difierent from those existing elsewhere, and even within the narrow limits of
one particular district the strata hearing the precious metal are often of
very divergent geological and mineralogical constitution. Murchison,^ in
attempting to assign all gold deposits to one geological horizon, was led into
error.2 He compared the gold-bearing rocks in the Urals, which are
distinctly of Silurian age, with some samples sent from Australia. These, by
correlation of fossils and minerals, were also proved to be Silurian. As a
resul-fc, Murchison put forward a theory that all rocks which contained gold!
would be found to have their genesis in the Palseozoic era. Thab gold in
large amounts was eventually discovered in Victoria seemed to add to this
belief, but Whitney’s researches in California robbed the theory of much of
Its truth, for the rocks there were found to be Jurassic. Murchison’s
original theory has in no way been confirmed by subsequent gold dis-

1 Murchison, “ Siluria. ”
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coveries,- for they have been found to be distributed throughout rocks of

all ages.

Thus Eickard ^ gives the following table, showing the varied distribution

of gold, as illustrated by the principal mining districts of the world :

—

TABLE XIX.

Period. E,ock. District. Kegion.

Quaternary. Andesite. Monte Christo. Washington.
Tertiary. Eruptive. Cripple Creek. Colorado.

Cretaceous. Sandstone. Verespatak. Transylvania.
Jurassic. Amphibolite Schist. Mauposa. California.

Triassic. Limestone, Raibl. Carinthia.

Permian. Conglomerate. i
Stupna. Bohemia.

Carboniferous. Shale. Gympie. Queensland.
Devonian. Conglomerate. i Witwatersrand. Transvaal.
Silurian. Slate and Sandstone. Bendigo.

1

Victoria.

Cambrian. Slate and Quartzite. Waverly. Nova Scotia.

Algonkian. Schist. Homestake. South Dakota.
Archsean. Granite and Schist. Lake of theWoods. Ontario.

The prominent goldfields are associated mainly with the intermediate

igneous rocks and with granites and tonalites. The auriferous Archaean

schists are principally derived from molten magmas, and the ancient veins

have shared the metamorphism of these schists. Gold is often found in

association with andesitic rocks of tertiary age, but what is the precise

connection between them is a question to which no direct answer has been
given. No important goldfield now being worked occurs in sedimentary rocks

of age more recent than Cretaceous, although there are many igneous

formations belonging to the Tertiary period. Generally speaking, the

sequence of the gold-bearing strata throughout the ages is complete.

Nevertheless, some generalisations may be made by a comparison of the

petrological characters of formations on various continents, and sometimes,

though not in every case, by observations upon the contained fossils. This

latter mode of correlation is not applicable in the case of Archoean rocks,

which are unfossiliferous.

T. Lindsley ^ classifies gold deposits in two broad divisions—(1) Tertiary

deposits
; (2) deep-seated deposits. He discusses both classes from the point

of view of persistence in depth. The tertiary formations exhibit a deprecia-

tion of primary precious metal-contents with depth, while in the deep-seated

type there is a much less marked decrease.

Malcohn Maclaren ^ has attempted to trace out the relationships existing

among the rocks in the gold-bearing areas, and has broadly divided them
into two large classes—Primary and Secondary. By a Primary auriferous

province he signifies “ one .which shows no prior state of combination and has

had no former locus in space.” Such are the auriferous sulphides and many
free gold deposits. A Secondary province is “ one which has been derived

from some earlier deposits, either from sulphide or telluride ores or from

loc. cit.

^Liiidsley, HJng. ami Mng. J., May 23, 19H, p. 10-1:1

® J. M. Maclaren, Gold, p. 42.
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gold quartz veins.’^ TLe following table shows Maclaren’s ^ general classi-

fication ;

—

Classification of Aubifebous Deposits.

Primary.

r Arclisean

Schistose rooks : West Australian (Kal-

goorlie, etc.), India (Colar), (Hutti),

Rhodesia.

Connected with
extrusion of

intermediate or

basic igneous

rocks (andesites

or diabases)

J
Pre-Cambrian

Tertiary

r Arising from intrusion of diabase and diorite

dykes through Archaean schists : West
Australia, India (Dharwar), South Africa

(Pilgrim*s Rest, Witwatersrand, and Bar-
berton), Guianas, Appalachian Fields, and

,
Eastern Canada.

f Andesitic goldfields : Northern Chili, Peru.

I

Colombia, Mexico, California (Bodie),

j

Nevada, Utah, Colorado, Unalaska, Japan,
Sumatra, Celebes, New Zealand, Transyl

I vania.

Connected with r ? —^Urals.

extrusion of acid j Permo-Carboniferous—Eastern Australia and Tasmania,
rocks of grano- 1 Jurassic —Western North America: Alaska, Oregon,
dioritic type I and California.

Secondary.

Deposits produced
or modified by
chemical agencies

'* Free gold in

original

sulphide and
telluride veins

. Placer gold
1

a. Arising from decomposition of auriferous
sulphides and teUurides by acid waters or
by teUurides below zone of oxidation.

Arising from decomposition of sulphides
and teUurides in zone of oxidation.

—In part.

Deposits produced "I

by mechanical y Placer gold in part,
agencies J

A. Primary Deposits connected with Extrusion of Basic Igneous Rocks :

—

(1) ArchcBan .—If the Archaean group in Maclaren’s classification be
studied, it is seen that all the members are schistose in nature, although it is

often difficult to determine whether they have originated under sedimentary or
igneous conditions. It is in the igneous amphibolites of this period that the
oldest known forms of auriferous deposits occur. The rocks are unfossiliferous,
and can only be correlated from observations on their petrological character-
istics.

^

The best defined group of Archaean rocks are found in countries
bordering on the Indian Ocean. In the Lake Superior district of Canada
similar formations are associated with large copper deposits.

In India there occurs a complex series of Archaean schists and highly
metamorphosed rocks called Dharwars,^ consisting of boulder beds or con-
glomerates, pebbly grits, quartzites, limestones, argillites and chloritic
schists. They stretch from Bombay through Mysore, and are apparently

reproduced by ission of the

2 J. M. Maclaren, Pec. Geol. Survey

^

India, 1906, 34, 96.
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sedimentary. In some places their structure suggests formation in running
water. The most characteristic rock in the whole series, and one which is

observed in all the regions associated with Archaean gold deposits, is a well-

banded contorted haematite and magnetite quartz rock. Its origin, though
obscure, may be due to (1) silicification along the shearing planes, or (2)

metamorphism of the ferruginous silicate and carbonate bands in depth. In
the Dhar^var rocks themselves there appear to be two periods of vein formation
and gold deposition, the older of which is said to be of dynamic metamorphism.
The rocks have been subjected to great strain and assume a very dark colour,

due to total reflection from internal stress surfaces. Gold is found in the

interior of the lumps of ore, and this fact has been advanced as evidence

of the simultaneous deposition of gold and quartz. In some cases the horn-

blende schist has been penetrated by intrusive granites, and here the walls

of the dyke have become changed into diorite. This would seem to have
an important bearing on the occurrence of gold in seemingly metamorphosed
igneous rocks.

In West Australia there are Archaean rocks existing rmder similar con-

ditions to those found in India. Gneissoid granites overlaid by greenstone

schists (amphibolites and hornblende) are the primary rocks of the country.

The characteristic magnetite is present and runs parallel with the foliation

and direction of the main schistose belts. Two distinct types of formation

are noticeable in this district—(I) lode formation, as at the main foci of gold

ores in the State—^viz., Kalgoorlie, Kanowna and Peak Hill : the auriferous

rock runs imperceptibly into the barren country rock, and the limits can
only be determined by assay values; (2) Quartz veins of the blue and
white varieties.

Gold-bearing Archsean rocks are not so common in South Africa as in

other parts of the world. The economically important gold deposits occur

in rocks of more recent date. The Barberton series in Swaziland may be

correlated with the Arch^an schists in Australia and India, which have
been described already. They consist of chlorite and talc schists, argillites

and, finally, the characteristic hard, banded haematite. The latter withstands

denudation more than the other beds, and thus stands out in relief across

the country. Further North, in the Murchison Range, and also in Rhodesia,

similar rocks have been identified, in some cases associated with amphi-
bohtic and quartzitic schists. The Buluwayo schists in Rhodesia have been

referred to basic igneous intrusions.

In America, the Apalachian, South Dakota and Brazilian fields belong

to the Archaean period. The sedimentary rocks in the first area consist

of the Talladega series of slates, quartzites, conglomerates and dolomites,

while the igneous rocks are complex green schists, diorites and gneisses.

In some districts in Carolina the gold is accompanied by tetradymite. The
Homestake Mine in Dakota lies in a field of highly metamorphosed Archaean

schists impregnated with auriferous pyrite, and containing many lenticular

masses of gold-bearing quartz. Some doubt has arisen as to the true age

of the rocks in Brazil, but they are more usually referred to as Arch^an. There

is no mention of igneous intrusions in the Brazilian formations. The gold

is in lenticular masses or in auriferous lines of iron ore in itaberite.

The Otago district in New Zealand possesses large alluvial deposits. It

is probable, however, that they may be younger than Archaean, and have been

said to be Carboniferous or Devonian. Maclaren points out that they may
be either due to lateral secretion from contemporaneously deposited alluvial
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gold, or tliey may be connected with, the granitic rocks intruded during the

period of the Middle Mesozoic lift in the Southern Alps.

(2) Pre-Ccmibrian .—^Auriferous rocks of Pre-Cambrian age occur in

India, West Australia, the Band, America, and the Guianas

—

i.e., the same
districts as those aheady mentioned in which gold is found in Archsean

surroundings. Indeed, the Pre-Cambrian gold-bearing strata are usually

found either in, or together with Archsean rocks. Two important exceptions

to this generalisation have been noted at Bullagine in West Australia, and in

the Witwatersrand in the Transvaal, where conglomerates occur which are

porous and ofer but slight resistance to the passage of auriferous solutions.

In India the younger Pre-Cambrian doleritic dykes are found to penetrate

the Archsean Dharwar series, and may be correlated with the Cheyair group
of the lower Cuddapah system. Where subsequent movements have burst

the Archsean fissiues, it is possible to find older blue and younger white
quartz side by side. The latter often contains graphitic matter, which has
probably been taken up from a carboniferous band during its intrusion.

In West Australia there is again the penetration of vertical doleritic

dykes into older schists. Acidic dykes occurring in the same district are
barren. In the hTorth it is found that where doleritic dykes are cut by other
dykes and faults, they become amiferous, and the gold is found for a few
feet on either side. In the intersection of white quartz veins with doleritic

intrusions there is said to be a close parallel with the Banket reefs of the
Band, where the auriferous conglomerate occurs as lenticular masses and
contains gold in white quartz veins, and also interspersed in the matrix.
The veins are much richer than the conglomerate.

The theory of the origin of gold on the Band is discussed below
(see p. 94). Doleritic dykes break through the Barberton series, forming
banded shoots similar to those in West Australia. The geological age of
the Witwatersrand series is not certainly known, though they are reputed
to be older than the Devonian rocks of the Cape system, and younger than
the Swaziland system. Maclaren states that there is no available evidence
to prove whether the gold present in the infiltering solutions was derived from
a diabasic magma or whether it was dissolved from presumably underlying
Archaean schists. He considers the latter assumption the more probable.^

The American fields in which the gold is present in rocks of Pre-Cambrian
age are almost identical with those previously mentioned. In South Carolina
the country rock consists of an altered Archsean muscovite schist, which is
often metamorphosed for some distance from the intruding Pre-Cambrian
dyke. It seems probable that the controlling factor in the formation of the
gold deposits in this dyke has been the heat of . the igneous magma. In
Colorado the hornblende schists have replaced mica schists in many instances.
The Klondike region, according to Tyrrell, ^ is underlain by Pre-Cambrian
schistose rocks which have been very much folded. Outliers of sedimentary
rocks of Eocene age occur round the margin of the district, indicating a
depression of the surface at that period. After Eocene times the land was
raised and has suffered no subsidence since. ^

(3) Tertiary.—The Tertiary goldfields are andesitic in character, ranging
frorn the Eocene to the Pliocene eras. They are distinctly modern, following
the Imes of modern volcanic activity, the “ Pacific Circle of Eire.” This circle
passes from Valparaiso through Mexico and the Western States, including

^ Maclaren, op. cit., id. 57. Tyrrell, Bcon, Geol., 1907, 2, [iv.'J, 343.
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such well-known fields as Nevada, Utah, Colorado. There is a break in British

Columbia, but the line is continued at Unga Island (Alaska), and then follows-

round through Japan, Sumatra, Celebes, and Burma to New Zealand and
Fiji. Two exceptions only of any importance are known, and these are m
the Transylvanian and Hungarian goldfields, which were probably formed
in the same period as the Mediterranean volcanoes of Mesozoic age.

It is characteristic of the Tertiary andesitic goldfields that the andesite

tends to become propylite, in which chlorite and epidote have replaced the

ferro-magnesian silicates, and quartz, chlorite and epidote have replaced the
felspars. Tellurides are also characteristic, and are usually set in a matrix
of quartz.

Maclaren considers that Tertiary andesitic goldfields have probably
derived their gold from Pre-Cambrian deposits, either by leaching or by
fusion. Lindgren,^ however, is of the opinion that the gold in Tertiary

lodes is derived from the leaching of Pre-Cambrian placers by magmatic
or meteoric waters, which have been caused to circulate after the intrusion

of the andesites.

In America the Tertiary fields pass from Mexico through Western North
America, and belong to the Miocene period. At Pachuca the precious metal

occurs only in andesitic tufis, overlying Cretaceous sediments which probably

were broken up in the middle Tertiary period. The Comstock and Cripple

Creek regions belong to this period. At Cripple Creek, Pre-Cambrian schists

are occasionally found in the granite in association with diabasic dykes.

Oligocene and Miocene volcanic rocks prevail in the auriferous area, and the

earliest of these consist mainly of andesitic breccias, and in a few cases of

lavas and tufis. It is probable that hydrothermal agencies have been active

in the region. Phonolitic breccias and dykes succeed the andesitic rocks, and
nepheline basalts have been formed by the intrusion of basic magmas into

the former. The veins contain fluorite, which is unusual in andesitic rocks,

Tellurides occur in the porous breccias.

According to Rickard,^ the rocks in Colorado are Post-Cretaceous and
Pre-Pliocene. Following the Cretaceous period in this district there occiuTed

an interval of volcanic upheaval and a large outpouring of lava forming

brecciated rocks in surrounding water, dykes traversing older strata, and
volcanoes as at Cripple Creek and Silver Clifi. Volcanic eruption was very

vigorous in Eocene times, and continued into the Miocene. Finally, it was

succeeded by a period of intense underground thermal activity. So far as

is known, no igneous rock associated with auriferous deposits in this district

is older than Tertiary.

The belt of vulcanism is continued in Japan and Formosa, the gold areas

in which are not now very productive, though they were greatly exploited

by the Dutch and Portuguese merchants in the fifteenth and sixteenth

centuries.

Although in New Zealand volcanic eruptions are almost unknown at

the present day, geysers and hot springs are still found. There is abundant

evidence of the junction of two great Pacific axes of folding and faulting

in the Hauraki Peninsula. The gold-bearing veins occur in breccias of andesite

and dacites, in which propylitisation has been extensive, and which probably

form the Upper Eocene beds, the oldest eruptions of Tertiary age in this

^ Lindgren, Econ, Geol., 1911, 6, 247.
2 Rickard, J, Chem. Met. and Mng. Soc. of S. Africa, 1907, 7» 311.
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district. Obscure rocks of Mesozoic and Palseozoic age underlie these forma-

tions. The Waihi mine occurs in this field.

B. Primary Deposits connected with Extrusion of Acid Rocks.—These

occur in three principal regions—(1) Urals, (2) Western North America, and

(3) Eastern Australia, which contain the chief placer gold deposits of the

world. They all present a characteristic mingling of igneous rocks. It is

probable that in Tertiary times the auriferous areas were elevated, since

the gold occurs free and in coarse grains, due to the exposure to washing

and sorting agencies.

(1) PalcBozoic,—The deposits in the Urals are supposed to be of late

Palseozoic age.

(2) Jurassic ,—The Californian belt in Western North America includes

Bossland, Oregon and Alaska. Lindgren ^ has shown that there is a close

relationship between the veins in this area and the metamorphic series of

early Palseozoic-Jurassic ages. They consist of altered slates, sandstones,

limestones and quartz porphyrites. The gold quartz veins are closely con-

nected with the grano-dioritic rocks. The Great Mother Lode is one of the

richest deposits in this belt.

(3) Fermo-Carboniferdus .—The Eastern Australian fields exhibit in-

trusions which are older than Triassic, and it is probable that the maximum
enrichment of the auriferous rocks occurred in the Carboniferous period. In

the Snowy River and Mitta Mitta valley, Lower Devonian porphyrites are

found, giving evidence of early activity. The gold deposition in the Mount
Morgan, Gympie, Lucknow, Wood’s Point and Walhalla districts is referred

to the Permo-Carboniferous period. The character of the rocks at Mount
Morgan is sedimentary, which is, however, an exception to the general rule

that usually sedimentary rocks of Ordovician and Silurian age are found
in the South, while igneous rocks occur in the North. The latter contain

much graphite which was probably assimilated by the magmas from and
adjacent Carboniferous formation during intrusion. At Ballarat the origin

of the gold is connected with granitic dykes intruded in late Palaaozoic times

into the veridical Ordovician slates and quartzites. Tertiary basic dykes
penetrate through the Silurian slates. It is stated, however, that these

are not associated with the deposition of the precious metal, but that the
original lode formation began at the time when the neighbouring granite

was extruded at the end of the Silurian period, and before the Devonian
sediments were formed.

Auriferous quartz veins are visible at the summits of parallel anticlines

—

saddle reefs—at Bendigo. The country rock consists of Ordovician black
clay slates.

C. Secondary Deposits.—These are correlated in point of time with the
primary deposits from which they have been derived. Subsequent action,

however, may not have occurred immediately on the formation of the
primary rocks, and processes such as filtration and the chemical action of

gases may proceed long after the original deposit has been laid down.
Thus it becomes increasingly difficult to assign secondary rocks to their
respective geological periods, and correlation must be based on a study of
the primary country rock, which may be found in the vicinity.

Placer Deposits,--y\.ccoTdmg to Maclaren, all the important placei’s

were formed in Tertiary times, and are thus comparatively recent. No

1 Lindgren, BulL Geol, Soc, Amer.^ 1895, 6, 225.
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placers the gold of which has been derived from the primary contents of

igneous rocks have proved of much value. A few belong to the Cretaceous

and Eocene periods, but the greater proportion has been referred to
the Eecent, Pliocene and Miocene. The conglomerates of Tallawang,

New South Wales, are most probably Permo-Carboniferous. In some
instances considerable doubt has arisen as to the true geological horizon

of placer deposits. Thus Lindgren^ describes the conglomerates at Mine
Hill, California, as Jurassic, and Dunn ^ places those at Klamath, Oregon,

in the Cretaceous period. Fairbanks ® says that in both cases the gold

has been deposited by infiltration of solutions, and that the previous

deductions as to geological age are in error. As has been mentioned
above, the two great goldfields in the Witwatersrand and at Homestake
are believed to be of Pre-Cambrian and Archaean origin. Usually it is found
that placers have been formed subsequent to any period of great gold

deposition, but it has been pointed out by Lincoln ^ that Cambrian placers

are rare, although the Pre-Cambrian period is known to have been one of

active lode formation.

Origin of Gold Ores.—The origin of mineral veins, including those in

which gold is contained, has long been discussed by geologists. The old

theory that the quartz of veins was originally in a molten condition and
was ejected from below into fissures is no longer maintained, although in

1860 H. Rosales brought forward evidence in its favour as far as the Victorian

lodes are concerned. One of the theories now strongly advocated is that

the materials forming the veins have been transported in aqueous solution

and precipitated where they occur. In certain cases, superheated vapours

may have played a part, and there is also the theory of magmatic segregation

to be considered. One view is that the solutions found their way
downwards from above, and the ascensional theory and the lateral secretion

theory have both been advocated. The last-named theory found its

principal supporter during many years in Prof. F. von Sandberger, who
pointed out that the gangue of many lodes varies in composition if the nature

of the rocks through which they pass is changed, and claimed to have proved

by analysis that the materials forming vein-stone are derived from the

the adjacent country rocks. He stated, moreover, that such minerals as

augite, hornblende, mica, and olivine, which are essential constituents of

crystalline rocks, contain small quantities of the heavy metals occurring in

veins.^ Although Sandberger did not try to detect gold in the silicates,

this metal is not likely to be an exception. Prof. A, Stelzner objected to

these conclusions, urgihg that small quantities of the sulphides of the heavy
metals were probably mechanically mixed with the crystals of minerals

which Sandberger analysed in the belief that they were pure. Stelzner

advocated the retention of the ascensional theory, which alone affords a

satisfactory explanation of the difference in composition observable in

neighboui’ing lodes passing through the same rocks, and apparently formed

at different periods. The two theories are, however, not contradictory,

and perhaps neither need be entirely rejected, the solutions being supposed

^Lindgren, Amer. J . Sci., 1894, 48 , 276.
2 Dunn, 12^^ Ami. Mep. Gal, State Mineralogist, 1894, p. 459.

^Eairbanks, Eng. andMng. J., April 27, 1895, p. 389.

^Lincoln, Econ. Oeol.^ 1911, 6 , 247.
® Sandberger, Untersuchungen iiher Er^dnge. Wiesbaden, 1882 and 1885. Useful

abstracts are given in Phillips’ Ore Deposits and in Le Neve Poster’s Ore and Stone Mining,
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to pass more or less freely in tlie plane of tlie lode after they have been

impregnated.^ For the origin of placer gold, see p. 96.

In 1897, Dr. Don announced,2 as the result of several years’ work in

Austraha and New Zealand, that the gold in those regions if present in

country rock is invariably contained in pyxite. He found that the amount

of pyrite and its richness in gold diminished with increase of distance from

un auriferous lode, and the gold soon disappeared. In the various minerals

of igneous rocks, augite, hornblende, mica, etc., no gold could be detected,

.although by his method the limit of accuracy was 0*05 grain per ton. He
concluded, therefore, that the gold in these lodes was not derived from the

country rock adjacent, but that the latter was impregnated with gold from

the lode by solutions rising from a depth greater than that of any of the rocks

exposed at the surface. L. Wagoner ^ doubts the accuracy of these state-

ments of Dr. Don, finding that they do not agree with his results when
examining the rocks of Western America. He finds gold in rocks apparently

free from sulphides.

J. E. Spurr ^ traces certain quartz veins directly to igneous magmas as

the result of a process of magmatic segregation, the veins being the outward

extensions of pegmatite or other igneous dykes. The magmatic concentration

is succeeded by aqueous concentration acting underground by dissolution

.and precipitation, and on the surface chiefly by mechanical means, in both

cases producing ore bodies.®

The conglomerate gold ores of the Rand have been considered by some
authorities to be placer deposits.® Gregory contended'^ that the banket

was a marine placer in which gold and black sand (magnetite with some
titaniferous iron) were laid down in a series of shore deposits. The gold was
in minute particles, and it was concentrated by the wash to and fro of the

tide, which swept away the light sand and silt, while the gold collected in

the sheltered places between the larger pebbles. The black sand deposited

with the gold has been converted into pyrite by infiltrating waters, and
.at the same time the gold was dissolved and redeposited in situ.

The infiltration theory of the origin of the gold in the Rand conglomerates,

however, now receives more general acceptance.® According to this view,

after the deposition and cementation of the pebble beds, the gold and
pyrite have been introduced, dissolved in solutions flowing freely through
the banket, which ofiers less resistance to their passage than the adjacent

.country rock, the process being thus similar to the mineralisation of ordinary

veins. The deposition of pyrite from solution appears to have taken place

^See also Posepny “On the Genesis of Ore Deposits,” Trans. Amer. Inst. Mna. Enq.,
1S93, 23, 197.

_

• ^ ’

2 Don, “The Genesis of Certain Auriferous Lodes,” Trans. A^ner. Inst. Mnq. Em/..
1897, 27, 564.

® Wagoner, Tram. Amer. Inst. Mng. Enr/., Nov. 1901.
^ Spurr, Trans. Amer. Inst. Mng. Eng.^ Feb. and May, 1902.
5 See also among other papers, W. H. Weed, “Ore Deposits near Igneous Contacts,”

Ty'ans. Amer. Inst. Mng. Eng.., Oct. 1902; also “Observations on Gold Deposits,” by C. W.
Piirington, Eng. Mng. J., 1903, $0, 855 and 893, where are references to other papers. A
full discussion of the subject is given in Thomas and Macalister’s Genesis of Ore Deposits,
..and by F. H. Hatch, Presidential Address, Trans. Inst. Mng. and Met, 1914, 23, xli.

®See G. F. Becker, The Witimtersrand Banket, 18i/^ Ann. Me}). U.H. Geol. Enrvey,
part V., 1897. E. T. Mellor, Mrig. and Sci. Press, May 6, 1914.

’ Gregory, Trans. Inst. Mng. and Met., 1907, 17, 2-41
; also Becker, loe. cit

® See Hatch, Types of Ore Deposits, San Francisco
;
Mng. and Sci. Press, Dec. 27, 1913,

p. 1019; C. B. Horwood, “The Rand Beodketf" Mng. "and Sci. Press, 1913, 107, 563, 604,
> 647, etc. Further references are given in the articles mentioned.
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by replacement of other material, such as silica, which has been removed
in solution- The mechanism of the deposition of the gold appears to be less

certain.

An important suggestion as to the deposition of gold in quartz reefs

generally has been made by Hatschek and Simon, based on their work on
siliceous gels.^ They placed in test tubes silicic acid solution mixed with gold
chloride, and after the solutions (sols) had become gelatinous (forming jellies

or gels), solutions of reducing agents were poured on the top, or the test tube
placed in a large vessel containing a reducing gas. Among the reducing

agents tried were oxalic acid, ferrous sulphate, sulphur dioxide, carbon
monoxide, illuminating gas, graphite, charcoal and crude petroleum. In
some cases the reducing agent was diffused in the gel and a solution of gold

chloride allowed to come in contact with it. It was found that in a gel

consisting of silicic acid in which a gold salt is uniformly distributed a

reducing or precipitating agent has the following effects

(a) If the reducing agent is hypotonic in relation to the salts in the gel

(i.e., if the concentration reckoned in molecules is less in the reducing agent

than in the gel), the gold will leave the gel and will deposit in aggregates,

usually of crystalline form, at the area of contact of the reducing agent

wdth the gel.

(&) If the reducing agent is hypeii3onic in relation to the salts in the gel,

the gold will be precipitated within the gel, in crystals or reddish-brown

amorphous particles, not always uniformiy throughout the gel, but often

in distinct layers parallel to the surface of contact, the distance between
one layer and the next one increasing with the distance from this surface.

Carbon also appears, to be precipitated by hydrocarbons, recalling the fact

that graphite is often present in gold and silver deposits.

The frequent banded structure of auriferous quartz is brought to mind
by these results, and the occurrence of gelatinous silica in reefs has been
occasionally noted. Chloride solutions frequently occur near the surface,

and might penetrate downwards in lodes, carrying gold in solution. As
pointed out by Sulman, however,^ solutions rising from below are more
Ukely to contain alkaline sulphides in which gold might be dissolved, and
the enrichment of siliceous gels in veins might be carried out by the action

of such solutions. There is no reason to suppose that the effects observed

by Hatschek and Simon are limited to chloride solutions, although these

may have played an important part in the secondary emichment in gold

of ore deposits.

Von Veimarn ® had previously found that gold chloride was slowly reduced

in silicic acid without the presence of a special reducing agent. He mixed
together dilute solutions of NaAuCl^ and HagSiOa, and observed a gradual

change in colour from yellow to colourless, then rose, lilac and blue. He
supposed that an unstable silicate of gold was formed and afterwards decom-

posed and the gold reduced spontaneously. A precipitate of sihcic acid

formed after about a year contained disseminated gold in particles too fine

to be seen under the microscope, even as ultramicroscopic appearances.

The deposition of gold by naturally occurring sulphides has been the

^ Hatscliek and Simon, Tram. Imt. Mrig. and Met., 1912, 2I, 4-51.

2 Sulman, op. cit .
,
p. 466.

3 Von Veimarn, Chem. hid. Oolloide, 1913, II, 287; Mng. and Press,

107, 309.
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subject of much research. Among the more recent studies may be mentioned

those of A. D. Brokaw ^ and of Chase Palmer and E. S. Bastin,^ who proved

that nearly all the sulphides and arsenides which commonly^ occur in ore

deposits are capable of reducing gold from a solution of its chlorides, although

at difierent rates of velocity. The apparent preference of gold for chalco-

pyrite and tetrahedrite rather than for pyrite in deposits carrying these

three minerals may be due to difierences in their reducing power.

Origin of Placer Gold.—The origin of the gold in placers was for long a

vexed question. It was formerly accepted without question that the erosion

of auriferous quartz lodes existing at higher altitudes furnished both gravel

and gold'. In support of this it was urged that the same districts which

furnished auriferous gravels abounded in quartz veins at higher levels, while

Whitney pointed out that in California numerous lodes were intersected

by the valleys and were still to be seen in the bed-rock. On the other hand,

the fact that some nuggets found in drift deposits in Australia and California

are much larger than any masses of gold encountered in veins, and that the

placer gold is of superior fineness, are difficulties in the way of accepting this

theory. Moreover, Egleston states that nuggets as large as a man’s fist

have been found embedded in the midst of fine sand, whither they could

not have been carried by the action of running water, but authentic instances

of such finds seem to be lacking, nuggets usually occurring in coarse gravel,

among boulders. It is further declared by the opponents of the erosion

theory, that if a small quantity of soft material like gold mixed with lumps
of hard quartz were washed down by water, then, long before the quartz

could be reduced by grinding to the condition of grains of sand, the gold

would be worn down to such a fine state of division that none of it could

lodge in the river bed at all. In opposition to this contention, it may be urged

that the extreme malleability of fine gold would make this comminution
very slow, and that, for example, scales of the metal have their edges blunted

and thickened by the pounding action of dry sand moved by the wind,

instead of having them worn away. Moreover, nuggets often include more
or less quartz.

In 1864, in order to account for these and other facts, A. C. Selwyn,

of Victoria, suggested a theory of solution in which it is supposed that the
gold disseminated through the rocks and drifts is dissolved by percolating

waters which contain acids and salts in solution, and is reprecipitated around
certain centres. Selwyn considered that the waters capable of dissolving

gold must have acquired this property by passing through the beds of basalt,

etc., overlying the drifts, inasmuch as large nuggets occur in districts where
basaltic eruptions have taken place, while, where these are absent, the gold
is very fine, and nuggets can scarcely be said to exist. The fact has long
been known that gold is soluble in certain dilute solutions of salts, likely

to be met with in nature, such as a mixture of nitrates with chlorides, bromides
or iodides, or as the haloid ferric salts. This has been firmly established by
the researches of Skey,^ Daintree,^ Egleston^ and others. Gold is also soluble
in alkaline sulphides which may arise from deep-seated sources, although

^ Brokaw, Mrig, and Sci. Press, 1913, 107, 309.
2 Palmer and Bastin, loc, cit. ; Bull. Amer. Inst. Mng. Eng., 1913. p. 843,
3 Skey, T^^ans. N.Z. Inst, 1870, p. 225; 1872, p. 370.
^Daintree, Trans. Amer. Inst. Mng. Eng., Aug. 1893: Trans. Inst. Mm/, and Met,

1912, 21 , 456.
. >

® Egleston, Trans. Amer. Inst Mng. Eng., 1880, 8 , 451.
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not known to occur in sui*face waters. The precipitation of gold from these
solutions around nuclei consisting of particles of gold, pyrites, etc., by organic

matter present in the liquid, has been studied, and efiorts made to form nuggets
similar to those found in nature, without much success. This, however, is

not surprising, since the conditions in nature, including almost unlimited
time and immense quantities of exceedingly dilute solutions, cannot be
reproduced in the laboratory. Among other pieces of evidence against the
erosion theory which have been cited, may be mentioned the fact that some
gold placers occur at higher levels than any quartz veins yet discovered or

Hkely to be discovered
; also that nuggets are said to have been found

embedded in decomposed rocks in positions to which they could not possibly

have been carried by running water, so that these nuggets at least must
have been formed by accretion. The prevalent belief among diggers that

the tailing from sluicing operations grows in richness so as to be worth working
over again after a few years is exphcable on either hypothesis. This behef

does not seem to have much basis on fact. Speaking generally, no such
enrichment occurs, except as the result of natural sluicing, by which most
of the tailing is removed and the residue is left richer than the average of

the whole mass originally present.

The exponents of the erosion theory have pointed out that the fineness

of the placer gold may be accounted for by supposing that the impurities

(silver, copper, etc.), formerly present in the native gold have been dissolved

away by natural waters, in which they are much more soluble than gold is.

One of the difficulties in this view is that solvents cannot extract the silver

from a mass of metal containing, say, gold 900, silver 100 unless the gold

is also dissolved. The gold protects the silver from attack unless the

alloy can be “ parted.” ^ A more reasonable view is that both gold and
silver are dissolved, and a greater proportion of the silver than of the gold

carried away, and less of it reprecipitated. It has been suggested by T. A.

Eickard ^ that the reprecipitation may occur in gossans, and data are certainly

required as to the relative fineness of gold in the oxidised and unoxidised

portions of the same lode in given mines.

The existence of large masses of gold in placer deposits was accounted

for by Whitney by assuming that the upper portion of the lodes, now washed
away, were richer, and contained larger masses of gold than the remains

of the lodes now left, but Liversedge has shown® that this assumption is

not necessary. Some nuggets, too, have been found showing undoubted
signs of erosion by water, but these are rare. Liversedge has also adduced
evidence (loc. cit.) that, even if the small particles of gold found in placers

have grown by accretion, nuggets cannot have appreciably increased in size.

The suggestions made to account for the great richness at bed-rocks—viz.,

that gold has “ settled ” through the quicksands, or that the gold solution

has remained longest in contact with the sand nearest bed-rock—are not

wholly satisfactory, but may be supplemented by some such explanation

as that given below, p. 132.

The view is now generally accepted that placer gold has almost invariably

resulted from the erosion of older auriferous deposits, but there is still some

1 See also Lindgren, “ Tertiary Gravels of the Sierra Nevada,” U’.S. GeoJ, Survey, 1911,

p. 68 ; Mng> and Sci. Press, 1913, 107, 310.
2 Rickard, Mining Mag., April, 1911; 4, 256.
® Liversedge, “ Origin of Gold Nuggets,” Proc. Roy. Soc. of New South Wales, Sept.
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room for doubt. If it be accepted that tbe gold in quartz lodes has generally

been carried thither in solution by underground waters and deposited therein,

either as the result of a reduction in temperature and pressure of the solu-

tions, or by being precipitated by the action of reducing agents, and if it

is further to be accepted that redissolution and reprecipitation of gold occurs

during the oxidation of lodes to form gossans, there seems to be no reason

to stop there. It is undoubted that driftwood has been found in placer

deposits containing gold, which has replaced or been deposited on the woody
fibres. The same or similar influences which have been at work on gossans

could be doing similar work in drift deposits. Although nuggets are crystal-

line and not concentric in structure, gold deposited from solution is also

frequently crystaUine. The net result of experiment and discussion appears

to be inconclusive. Neither the erosion nor the precipitation theory for the

derivation of the gold in placers has been satisfactorily disproved, except

perhaps in particular instances.

The gold in the gravels of the Klondike region differs from ordinary

placer gold. It is often in large nuggets, including much quartz, and is

usually rough and but little water-worn> It is of low standard, and has
resulted from the erosion of auriferous rocks by glaciers which have carried the

broken material into the valleys and left them as moraines. In this region

the grains of gold are flat, roughly elliptical plates, more or less smooth
on both surfaces. This shape would not result from travel of the gold along

with the gravel down the creek beds, but rather from the pressing and polishing

action of the gravel, as it passed over the gold, flattening out the grains

and elongating them in the direction of the passage of the gravel over them.^

^ J. B. Tyrrell, Amer. Geol. Soc., Dec. 1898.
^ “ Heport of Snpt. of Mines, Ottawa,” 1902, [vi.], p. 17.
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CHAPTER Y.

TREATMENT OF SHAULOW PLACER DEPOSITS.

Introduction.—^The deposits grouped togetlier under tlie name of “ placers
”

comprise sands, gravels, or any loosely colierent or non-coherent detrital

beds containing gold. They have accumulated owing to tbe action of running

water, in tbe beds of rivers, or on tbe adjoining inundation plains, or on sea

beaches. They fall naturally into two groups, between which no strict line

of demarcation exists. These are

—

(1) Shallow or modern placers, which are usually in or near existing

rivers, and have not yet been covered by other deposits. In certain Arctic

districts, the gravel beds have been formed by the action of glaciers.

(2) Deep level or ancient placers, which now lie buried beneath an accumu-
lation of debris or coherent rock, the rivers by which they were formed
having often been deflected into other channels by more or less extensive

changes in the physical geography of the district in which they existed.

Beach deposits occur in each subdivision.

In this chapter, the first of these groups wall be considered.

In the past, the greater part of the gold derived from all somces has

probably been obtained from shallow placer deposits, but this has ceased

to be the case for some time past as far as current production is concerned.

Shallow placer deposits now yield only an insignificant proportion of the

total output of the world, although, for example, 90 per cent, of the Russian
•output is from alluvial deposits (Ferret). They contain metallic gold in frag-

ments of all sizes, ranging from the finest dust to nuggets weighing thousands

of ounces. Auriferous sands are found in the beds of most rivers which flow

•during any part of their course through a region composed of crystalline

rocks. If the rivers have rocky beds, gold may be found in the crevices,

•caught in natural riffles, and the whole may subsequently be covered by
beds of sand.

Gold also occurs in river bars and banks, in river ‘‘
flats,’’ or inundation

plains, in the dry beds of streams which only flow after heavy rains gulch

-diggings ”), in terrace gravels on the sides of valleys high above the present

level of the water (“ bench diggings ”), and on the sides and tops of hills

.(“ hill diggings ”). The last two subdivisions are evidently ancient rather

than modern deposits. The gravels may contain boulders of any size, up to

.several feet in diameter, or may shade ofl into fine sand, while sandy clays,

especially if on the bed-rock, are frequently very rich. In the Urals, the placer

deposits often consist of heavy clays, while others are formed of waterworn

fragments of auriferous quartz, talcose and chloritic schists, serpentine,

greenstone, etc. Gold occurs under very various conditions in these deposits.

It may occur in the grass roots on inundation plains, or near the surface

•of the gravels in river beds, or dispersed through the whole thickness of a

:stratum. More commonly, however, the lowest part of the superficial beds,
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just above “ bed-rock ’’ (tbe country rock of the district), is rickest. In.

hollows, cracks, and crevices of the bed-rock, or, if it is soft and decomposed,

in the substance of the upper part of the rock itself, to the depth of 1 or 2 feet,

gold occurs in the greatest quantities. In pipeclays just above bed-rock,

in Victoria, it was not uncommon to find 12 ozs. of gold or more in a single

tubful of dirt,'’ and similar rich bed-rock deposits were found in early

days in California. The depth at which bed-rock is found varies greatly ;

it may crop out at the suilace, or it may be buried beneath hundreds of feet

of gravel, and great variations occur even in a single district. In Siberia,,

however, the thickness of the gravel is usually less than 3 feet thick, and is-

rarely more than 12 feet.

Methods of obtaining Gravel from Shallow Placers.— The difierent

varieties of gravel obtained from placer deposits axe generally treated alike,

but the mode of “ winning the dirt ” varies with the necessities of the case..

On flats and bars, the surface gravel, if rich enough, is loosened with pick

and shovel, and then washed. If only the part just above the bed-rock will

pay for treatment, it is reached by “ stripping,” or, if covered by too great

a thickness of barren material, shafts are sunk, and short levels run from the-

bottoms of them in all directions. If the nature of the ground permits of

it, tunnels are run without shafts, and the rich gravel is then followed from
the surface, wherever it is found. This system was much practised in the

early days in California, although now seldom to be seen in operation
;

it

was called “ coyoting,” from the coyote, which lives in holes in the ground.

When water was encountered in the shaft, it was drawn out by a bucket,,

until it came in too fast, when the claim was abandoned. In California,

in somewhat later times, efiorts were made to reach the gold in the river-

beds, by deflecting the streams of water from their courses, and in other

ways. These methods will be briefly described under the head “ River-

Mining,” In Siberia and in the Yukon district the gravels are perennially

frozen, and are thawed with steam jets or wood fir*es set at the bottom of

shafts and at the ends of the drifts, and are then taken out with pick and
shovel, or by other methods.^

Methods of Washing the Gravel.—The Pan .—When the existence of

gold in the placers of California and Australia first became known, the diggers-

were not acquainted with any apparatus which was well adapted to extract

the metal. The household pan was used everywhere to wash the gravel,

and although, in its original form, it was a difficult implement to use efficiently,

it has retained its place in both countries for prospecting and also for washing
small quantities of rich material, however they may have been obtained.

The pan (see Eig. 26) is usually made of stiff sheet-iron, is flat-bottomed

and circular, with a base of 8 to 10 inches in diameter. The sides slope out-

wards at an a:^le of about 45° to the bottom, and the depth of the pan is

from 2f to 3-| inches. A riffle is a useful addition, formed by the thickening
or bulging inwards of the side, situated about half-way up the latter and
running about half-way round the pan. Grooves to act as riffles are also*

sometimes added in the angle of the pan and on the sides. The inside of the
pan is kept smooth and free from rust. The method of using this pan embraces
several operations. First, it is filled to about two-thirds of its capacity with

^ For methods of work on frozen gravels in Siberia, see “ Winter Gold-raining in
Siberia,” by 0. W. Pnrington, Mining Mag,. 1912, 6, 50 ; also Ferret, Tram, Inst, Mng.-
(md Met, 1912, 2i, 647.
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pay-dirt., of which, it then contains about one-tenth of a cubic foot. It is

then placed at the bottom of a water-hole or convenient stream, and the
dirt is thoroughly broken up with both hands, care being taken not to leave

•any lumps of clay. As soon as the contents of the pan are reduced to the
consistency of soft mud, the pan is grasped with both hands a httle behind
its greater diameter, inclined away from the operator, raised until the dirt

is only just covered with water, and shaken sideways, while a slight oscillatory

•circular motion is also imparted to it. The mud and fine sand are soon
•obtained in suspension in the water, and gradually pass over the far edge,

which is lowered more and more, until little but the stones, coarse particles

of sand, black sand, and gold is left. The larger stones lie on the top and are

removed by hand. The final stage consists in lifting the pan with a little

water in it, and by a movement of the vuist, something like that used in

vanning, causing the material to be spread out by the water in a comet shape,

in the angle of the pan. The separation of the gold is also sometimes efiected

by merely running the water round the angle of the pan. The “ colour’s
”

—

Le., yellow specks of gold—are seen at the extreme head of the comet, and

Fig. 26.—^Miner's Pan.

also occur in the succeeding inch or two, mixed with the .black sand, while

the quartz-sand forms the remainder of the tail and is scraped or washed

ofi. The gold is separated from the black sand by (a) amalgamation with

mercury, or (b) drying and blowing away the black sand, a wasteful process.

Liquid amalgam is readily separated from sand, and the mercury is then

driven ofi by heat (see below, p. 110).

The Batea (see Fig. 27) difiers from the miner’s pan in not having a flat

bottom. It is of wood turned in a lathe, about 12 inches in diameter, conical,

or more rarely basin-shaped, and about 1-| inches deep in the centre, so that

the angle at the apex is about 150°. The gold collects at the lowest point

and clings to the wooden surface under conditions when it would slide over

iron.

The batea consequently is more rapid and efiective in obtaining a

prospect ” than the pan, especially when the gold is fine, but is less fre-

quently used in the United States and Australia. The best material for the

batea is mahogany cut with the direction of the grain vertical to the surface
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of tlie implement. It Lad its origin in SoutL America, and is especially-

favoured by the negro race.

The Lotoh, also made of wood, is a Chinese form of batea (Purington).

An ancient form of bowl used by the Moravians for the same purpose

as the pan is shown in Fig. 28, which is from Agricola.^ The bowl was shallow

and smooth, and painted black, so that the gold might be more readily

seen. In the same illustration is seen a trough or sluice box for washing

gold sands, which has a number of cross riffles, and resembles a long-tom.

Fig. 28.

A, Sluice
; B, Box with perforated bottom ; C, Bottom of inverted box ,• D, Open part

of it
;
E, Iron Hoe ; F, Riffles

; G, Small Launder ; H, Bowl in which settled material
is taken away ; I, Black bowl in which it is washed.

Prospecting Trough ,—This instrument is used in the Far East, especially
by the Chinese, Malays, Annamites, etc. It is made of wood, and is shaped
in the form of a very fiat reversed roof-top, the angle between the long sides
being about 150°, In place of a circular movement of the water an alter-
nating rocking motion is used, the water flowing up and down. The instru-
ment is easily handled, but is very slow.

Horn Spoons cut out of black ox-horns have been used by prospectors,
especially to finish the work begun by the pan. The surface holds the gold
well and shows “ colour ” very readily.

^ A^^ricola, Dc re Metallica^ 1556, Lib. vhi., p. 257.
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The Cradle or Eocker was introduced in California soon after the first

rush to the diggings took place in 184:9. It consists of a rectangular wooden
box, about 3 feet long and 18 inches wide, resting on two rockers (D, Fig. 29)
similar to those used for infants’ cradles. The shape of the walls is shown
in Fig. 29, which is a section of the apparatus. The method of using it is

as follows :

—

The gravel is shovelled into the riddle-box, A, the bottom of which con-
sists of |-inch mesh screen

; the workman sits by the side of the machine
and rocks it with one hand, while he pours on water by means of a dipper
filled from a water-hole with the other. The dirt is disintegrated and carried

through the riddle, and falls on the apron, B, which consists of blanketing,

canvas or wood. Here some fine gold is caught, and the dirt then passes out
from back to front over the bottom, which is slightly inclined towards the
front, and the coarse gold, black sand, etc., is caught in two or three riffles,

C, consisting of transverse strips of wood each of about 1 inch in height,

to which mercury is sometimes added to assist in retaining the gold. The
rocking motion not only assists in the disintegration of the dirt, which is

effected by the water, aided by the stones, but also prevents the sand from
packing behind the riffles

;
in the event of this happening gold would pass

over the surface of the sand and be lost. Consequently the rocking should

be quite continuous, since, after every pause, the sand in the riffles must be

stirred up before recommencing. It is, therefore, desirable for two men
to work together at the cradle, one to carry the gravel and charge it into

the hopper, and to remove the large stones from the latter by hand, while

the other man rocks the cradle and pours on water. It requires three or

four parts of water to wash one part of gravel, and it is, therefore, better

to carry the ore to water than to carry water to the ore. When a clean-up

of the cradle is desirable, the riddle is removed, the apron is taken out and
washed in a bucket, and the accumulations behind the riffles are scraped

out and panned. Most of the fine gold in the gravel is lost by the cradle,

and two men working together can only wash from 3 to 5 cubic yards per

day, according to the nature of the material According to Eichards,^ the

cradle is also used in cleaning-up sluices and quartz mills.

The Long-Tom, said to have been an importation from Georgia, was

first used in Nevada County, California, in the latter part of 1849.^ It consists

of a sluice-box or trough (A, Fig. 30) about 12 feet long, 20 inches wide at

the upper end, and 30 inches at the lower end, and 9 inches deep, with an

inclination of about 1 inch to the foot. The lower end of the trough is cut

^ Richards, Ore Dressing, 1903, p. 723.
® A. J. Bowie, BydrauUc Mining in California, p. 204.
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off at an angle of about 45“^ and closed by a screen of sheet-iron, B, in which
a number of half-inch holes are punched, so that the fine dirt is allowed to
pass through while the stones are retained. Below the screen is the upper end
of the riffle-box, C, which is usually about 9 feet long, 3 feet wide, and at about
the same inclination as the upper trough. It is fitted with several riffles,

which are sometimes supplied with mercury. In working, a stream of water
enters at the upper end of the sluice-box, into which gravel is continually

shovelled, while a man breaks up the lumps with a fork, removes the large

stones, and puddles the lumps of clay. Two to four men can work at one
tom, and wash about five times as much in a day as can be done by one
or two men with the cradle. Only the coarse gold is caught, and the machine
is only suitable for washing small quantities of rich dirt where there is a
plentiful supply of water. The material caught by the riffles is scraped
out occasionally and panned, but the riffle-box is too short for close saving
of the gold.

Fig. 30.—Long-Tom.

The Piiddlmg4uh.-—W}ien water is scarce, as was the case in many places
in Australia where rich gravels were found, the long-tom is inadmissible,
and the puddling-tub is resorted to. This is particularly well adapted for
washing clays, and is still used to disintegrate lumps of clay encountered
in sluicing operations. It consists of one-half of a barrel which has been
sawn in two

; into this dirt is dumped and stirred up with water by means
of a rake, until all the clay is held in suspension in the water, when a plug
a^ few inches from the bottom is removed, and the slime run off. The opera-
tion is repeated until the tub is filled with gravel and sand to the level of
the plug-hole and this residue is then shovelled out and washed by the pan,
the cradle, or by sluicing. Large boxes were used in Australia in this way
in early days, the rakes being worked by horse or steam-power

;
in 1860

no less than 3,958 boxes, worked by horses, were in use in Victoria alone,^
The cradle, long-tom and puddling-tub are now little used in districts

where work has been carried on for a long time except by the Chinese, who
gam a precarious livelihood with their help by washing over the heaps of
tailings accumulated from sluicing or hydraulic mining operations in Australia
and California.

In new districts, however, for a short time after shallow deposits have
been discovered, they are still extensively used. At Klondike and at Cape
Aome, for example, thousands of diggers used them, latter day improvements
on the old cradle being especially numerous.

Trough?—^In Siberia, in the Urals and in the valleys of
the Obi, the Yenisei and the Lena, individual workers still exclusively use

Chim,

Philips, Metallurgy of Gold and Silver, 1867, p. 139.

t
given by Oumenge and Fuchs in Friimy’s Unai/.

t., L.or, Fart 111 ., 1st Section, 12; and alsoLevat, L’Or en Sibcrie Orientale, Paris, 189'7.
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u trough, which dift’ers from the long-tom mainly in requiring more constant
attention on the part of the operator, and which resembles the old German
huddle. The trough consists of a rectangular box open above and at one
end.

When sandy gravels are being treated, the bottom of the disintegi'ation

box (A, Fig. 31), which is about 40 inches square, is made of a perf^orated

-screen of wood or sheet-iron, having holes of from | inch to 1 inch in diameter.

The dirt is shovelled into this box, and, contrary to cradle-practice (see p. 103),

if the gold is present in fine fiakes, mercury is added here also, the amount
depending on the richness of the auriferous material as determined by assay,

the proportion used, however, being never more than 10 of mercmy to 1 of

gold. Water is directed upon the charge in the box, either by pipes from a

reservoir or more often by pumping, and the fine material is carried through
the screen and falls on to the table, B, while the pebbles are collected by hand
.and thrown away. If clay is being treated, no screen is used

; the lumps
are puddled in the box, and the mud carried over by an overfiow of water.

The table is slightly inclined, about 20 feet long, and, for the greater part

•of its length, is about 20 inches wide. It is furnished with five riffles, of

which two (C) near the top are about 2 inches high, while the others (D, E)
are of less height. The disintegration of the sand is completed on the table

with the aid of a small rake continually used by the workman. When dis-

integration is complete, the stream of water is diminished in amount, and

A

Fig. 31.—Siberian Trough.

the workman continues to rabble the sands which have accumulated

above the riffles, pushing the contents of the lower riffles up the table again,

until the water runs clear, and little except pyrite is left behind the riffles

where the so-called “ grey concentrate ” accumulates. This is either concen-

trated further on the same table, or removed and worked on a smaller table.

In either case the stream of water is still further reduced, being graduated

so as to carry away the last particles of quartz, together with all materials

•of moderate weight, such as garnets, rutile, tourmaline, etc.-, and even all

the fine p3
rrite. If mercmy has not been added previously, it is sprinkled

on before this last operation, unless the gold is very coarse, when no mercury

is added at any stage of the proceedings.

The “ black concentrate,” thus obtained, consists entirely of amalgam,

magnetite, and the large grains of pyrite. The final operation, by which

the amalgam is separated, is the most difficult, and requires the greatest

.amount of skill on the part of the operator. The material is worked on the

:same table with very little water, with the aid of a small rake, or more often

%ith the hand of the workman, who kneels down by the trough for the

purpose. Finally, all the pyrite having been washed away, the magnetite

is removed with a magnet, and the amalgam collected. The tailing from
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the black concentrate is treated over again, together with the grey con-

centrate.

The apparatus just described treats about 500 lbs. of sand at one time,

and can be worked by one man, but usually gives employment to four people

(frequently three of those are women), who can treat about 5 tons of sand

per day. The degi’ee of success attained depends largely on the skill of the

workman
;

in Siberia and Russia the art is handed down from, father to-

son, certain families devoting their whole lives to the work during many
generations. These workmen attain such a degree of dexterity in the use

of the trough, that practically the whole of the valuable contents of the

gravels treated are extracted by them, but the work is only suited to those

who are content with small earnings.

The washing of the samples obtained in prospecting’ work is effected in
Siberia usually by means of the Washlerd (Fig. 32), and in the Urals by
means of the Stanoh (Fig, 33).^ The illustrations are self-explanatory.

A description of the washing trough or hiitara, which resembles a long-
tom, and is used in the Urals, with illustrations and figures as to worldng
costs, etc., is given by J. P. Hutchins.^ The grade of this trough is 4 feet in
12 feet, an unusually steep grade, for which there is no good reason.

Ferretj Trans. Inst. Mng. andmu 1912, 21, 660. Figs. 32 and 33 are reproduced
with the permission of the Institution of Mining and Metallurgy.

2 Hutchins, Mining Mag., 1914, lO, 52,
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The Sluice .—The sluice has replaced all these implements for washing
the gravel from shallow placers, where water is abundant.^ Sluices are

constructed of ‘‘ boxes,” each of which resembles the upper part of the long-

tom. The bottom of each box is made of rough boards, about 12 feet long,

cut 4 inches wider at one end than at the other ; the total width is usually

from 16 to 18 inches, while the sides are 8 or 10 inches high. It has often,

been pointed out that sluice boxes are usually made too narrow, so that

the current is too deep, and fine gold is lost, while the flow is unduly checked
by the sides, thus creating undesirable eddies. The box is held together

with nails, and no attempt is made to render it water-tight, as the swelling,

caused by the absorption of water, and the Ailing up of chinks with sand
and clay soon stops all leakages. The narrow end of the box its into the

wide end of that next below it, and so a sluice, made up of hundreds of

boxes, can be readily put up or taken down and moved to another locality.

In all but the simplest and cheapest sluice boxes, extra strips of wood
are affixed to the sides so as to protect them from the wear caused by the

grinding action of the stones and gravel carried through by the current.

When worn thin, these strips are replaced. The bottom is similarly protected

Eig. 34.—Sluice Boxes.

by riffle bars, whose main function is to catch the gold. Many diflerent kinds-

of riffle bars are used.^ The simplest are strips of cut wood or fir poles 3 inches

in diameter and about 6 feet long. They are usually placed longitudinally,

and are wedged in the boxes at a distance of 1 or 2 inches apart by means
of transverse bars, so that two sets of riffles are placed in each box in the

manner shown in Tig. 34, which represents the whole of one box and parts

of two others. The depressions or riffles proper thus formed between the

bars are well adapted to intercept ail heavy particles that pass down the

sluice, such as gold, mercury, amalgam, pyrite, etc., which gravitate ta

the bottom of the stream. Sometimes the riffles are placed transversely and
sometimes for a short distance in zig-zag fashion. The latter arrangement

does not retain anything, but aflords a better chance of amalgamating the

gold, which, together with the mercury (in this case fed in constantly),.

^ The large-sized sluices used in hydraulic mining are described in Chap. vi.

^ Bee Mining Mag. .and Pacific Coast Miner, Feb. 190.5, li» 123. Article on “Washing-
Plants and Riffles,” by 0. 3^. Purington.
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slides down the inclined riffles from side to side of the sluice, having sunk

to the bottom by virtue of its high specific gravity.

When all is ready, a stream of water is turned into the head of the sluice,

where the gravel is shovelled in also. The amount of gravel shovelled in

per man depends on the height of the lift and the nature of the soil, as well

as on the labom:er. It varies from about 3 to 12 cubic yards per diem. The

first gravel sluiced fills up most of the riffle depressions, leaving enough

inequalities of surface, how^ever, to intercept and retain the mercury, etc.

The length of the sluice varies with the consistency of the gravel, the

fineness of the gold, the capital available, and the fall of the ground. It

must be sufficient to complete the disintegration and then to catch the

gold. The length may be adjusted by experiment
;

if, in the clean-up, the

lowest boxes yield much amalgam, an addition to the length is necessary,

whereas if they yield none, the sluice may be shortened by the removal

of one or more boxes. Even in the latter case, however, the tailings would

almost certainly contain some fine gold. The grade of the sluice is measured

by inches per box, so that a grade of ‘‘ 12 inches ” means one of 12 inches

in 12 feet. The usual grade is about 6 inches per box, but it varies from

2 inches to 20 inches per box, depending

—

(1) On the fall of the ground, since the sluice cannot be raised far above

it, nor sunlc deep into it, owing to the increased expense thereby occasioned.

(2) On the nature of the gravel to he ivashed.—Tough, tenacious, clayey,

or cemented gravels require higher grades to efiect their disintegration than
loose material. Instead of being disintegrated, clay sometimes becomes
aggregated into balls, which roll down the sluices, picking up particles of

gold previously caught in the riffles, and these lumps of clay must be removed
by hand and puddled. There must be sufficient grade to enable the water
to carry away all but the largest stones, so as to avoid unnecessary hand-
picking, but on the other hand, while coarse gold is readily caught, fine

particles are lost if the cm-rent is too rapid.

(3) On the quantity of water available.—The reduction of the grade lessens

the duty of the water, so that if the supply of the latter is short or costly,

the grade is made as steep as possible, consistent with saving a fair pro-

portion of the gold. A steep grade reduces the necessary length of the sluice,

as dismtegration takes place sooner. Since a steep grade, a rapid flow, and
deep currents are best suited to efiect speedy and thorough disintegration

of the gravel, while a low grade, and slow and shallow currents are best

adapted for saving the gold, the upper part of a sluice, for a sufficient distance

to efiect the complete disintegration of the gravel, is sometimes made of

higher grades, or with narrower boxes than the lower part, which is occupied
solely in catching the gold. W'hen this is done additional supplies of watej*

should be introduced at the point where the change is made, otherwise,

the duty of the water being reduced, the sand packs in the angle where
the grade is altered, and constant attention is required to prevent the stream
from overflowing.

The requirements of disintegration and gold-saving are more often
supphed by “ drops,” ‘‘ mud-boxes,” and “ undercurrents,” A vertical
fall of the pulp constitutes a dro]), which is arranged as follows :—The sluice

terminates in a “ grizzly,” or inclined grating made of parallel iron bars
placed longitudinally to the stream, and from 1 to 6 inches or more apart,
according to the exigencies of the case. All the water and fine stuff pass
through the grizzly and fall a distance of from 1 to 10 feet into a sluice below.
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The larger stones or boulders roll down the inclined bars, and are shot over
a precipice (if possible) or on to a steep slope outside the sluice, as, unless,

some arrangement for removing these rocks is made, they will accumulate
until they can no longer roll off the grizzly. The higher the fall, the more
effectively it acts in causing disintegration. Sometimes, near the head
of a sluice, the grizzly is omitted from a fall, and the boulders are retained

to help in breaking up the gravel. The chief disadvantage in permitting

them to remain with the rest of the gravel lies in the fact that they wear
out the sluice, and that much water is required to wash them down.

A mud-box is merely a wide part of the sluice, 2| or 3 feet wide, and 1 2 or

more feet long, at which a man is stationed to break up and puddle the lumps,

A better, but more expensive, appliance is a trommel or a pan with a mechani-
cal stirrer.^

The undercurrent is often used in conjunction with a drop. A grizzly

with bars placed close together allows most of the water and fine material

to pass through, while the coarse stuff is carried over and falls into the main
sluice below. The fine material is carried off by a short sluice placed at

right angles to the general direction of the main sluice, and is discharged into-

the upper end of a large broad box from three to ten times as wide as the

sluice, and with its long diameter parallel to the main sluice. A number
of check-boards help to distribute the stream evenly over the whole width

‘ of the box. This box, to which the name undercurrent is often given, although

it properly belongs to the whole arrangement, is usually of higher grade

than the sluice, having a fall of 10 or 15 inches per box, so that a broad
shallow stream flows over its surface. It is plentifully supplied with riflflea

and mercury, and is intended to catch fine gold and amalgam. The tailing

from the undercurrent is discharged into the main sluice below the drop.

Both grizzlies and undercurrents are used more frequently in hydraulic

mining than in shallow placer sluicing, in which the large stones are usually

removed by a man with a blunt pronged fork, who also either breaks up the

lumps of clay or removes them and puddles them in tubs.

The Use of Mercury in Sluicing .—^IVlercury is added at the head of the

sluice after washing has .been in progress for a sufficiently long time for all

leakages to have been stopped, and for the lowest depressions to have been
filled in with sand. The mercury is sometimes sprinkled into the sluice,

and sometimes poured into the riffles. The amount added varies with the

richness of the gravel and the magnitude of- the operations, enough being

added to dissolve the amalgam formed. It is carried down the sluice and
lodges in the riffles, the greater part being retained in the first few boxes.

Fresh supplies are introduced every few hours at the head of the sluice, and
sometimes at various points lower down the sluice also

;
in particular, mercury

is added to the undercurrents, as it is especially valuable in catching the-

finer particles of gold which would otherwise be lost, whilst coarse gold,

can in great part be saved without mercury. Sometimes the latter is forced

into the substance of the wooden riffles by driving an iron gas pipe into the

wood, and filling it up with mercury, which is forced by the pressure of

the column through the pores of the wood. The amalgam then forms on

the surface and in the interstices of the blocks, and in cleaning-up this is

scraped off. A better plan is to use amalgamated copper plates, which is

Pnrington, Minwg Mag, a7id Pacific Coast Miner, Jan. 1905, ii, 16.
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now often done. These resemble the plates used in stamp batteries, described

in Chapter VIII.

The Clean-wp .—The length of each ‘‘ run,” at the end of which the boxes

are cleaned-up, varies, according to the richness of the gravel, from a day

to a whole season, but is usually a week. The upper part of the sluice, which

retains most of the gold, is usually cleaned-up more frequently than the

remainder. A clean-up is begun by discontinuing the supply of gravel, and

letting the water continue to flow until it passes through the sluice quite

clear. The first six or eight sets of riffle bars are then taken up, and the

sand, mercury and amalgam washed down, all the latter being caught by
the first riffle" left in. It is scooped out thence by a wooden ladle or iron

spoon into a bucket, and the rich sand is collected and panned. The next

few riffle bars are now taken up, and so on, or alternatively the work may
be begun on several sections at the same time. Lastly, the whole sluice is

carefully searched over, and particles of amalgam or mercury picked out

with spoons, penknives, etc., from every crevice where they have lodged.

The amalgam thus collected is stirred with fresh quicksilver in “ amalgam
kettles ” or buckets, and the black sand and other foreign matter skimmed
•off. It is then strained through chamois leather or drilling, liquid mercury
passing through and pasty amalgam being retained by the skin. The amalgam
is well squeezed and then retorted. The retorts used in large well-conducted

enterprises are similar to those in use in stamp mills, described in Chapter VIII.

Amalgam obtained as the result of operations on a small scale, however, is

•often merely heated on a shovel over an ordinary fire, the mercury being

•driven ofi and lost.

Tail Race .
—^The tailing from sluicing operations on low ground which

has.nofc much fall is removed through a covered-in wooden sluice, or, better

still, through a large iron pipe. The work proceeds in the up-stream direction,

and the worthless material stripped from above the'pay-gravel is thrown on
the top of the tail race, which thus passes through a mound of earth and
discharges into the open air lower down the valley. As the digging and
: sluicing progresses up-stream, the tail race is lengthened and the sluice

boxes proper are conveyed further up the valley so as always to be near

the auriferous material last uncovered. This method originated with the

Chinese.

Ground Sluice .—^In some cases boarded sluice boxes are not used, but
a stream of water is conducted to a little trench cut in the pay dirt, which
is soon enlarged by the action of the water, while the banks are at the same
time shovelled or prised by the pick or crowbar into the sluice. The method
is described by Agricola.^ The gold is caught in the natural riffles afforded

by the uneven wearing of the bed, or rocks may be added to arrest the gold,

no mercury being used. Ground sluicing is only adopted where the supply
water is precarious, or the season very short, so that violent rains cause
floods that would sweep away sluice boxes, and then are succeeded by dry
intervals during which the boxes would warp and crack. Only the coarse
gold is saved, while the duty of the water is usually much less than in wooden
sluices. After a time, usually when the water gives out, the auriferous
material is collected from the sluice and washed in a long-tom or cradle.

Booming .—This method of sluicing is described by Pliny in his account
of gold-washing in Spain in the first century. It is adopted when the water*

^ Agricola, De i'e MetalUca^t 1^57 ed., Lib. viii., p. 270.
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supply is insufficient for continuous operations. A dam with a light gate,

capable of being easily lifted, is buUt just above the part of the valley where
the auriferous gravel is situated. The water trickling down the valley

accumulates behind the dam, and finally overflows at one point into a small
rectangular box fastened to the end of a long lever. When full of water
this box depresses its end of the lever and raises the dam-gate, so that aU
the accumulated water rushes out at once and scours the valley bottom.
As the box falls it empties itself of water, and the dam-gate returns to its

original position by its own weight. This device is usually employed in con-

nection with ground-sluicing, but a line of sluice-boxes might be used through
which the sudden flood could carry gravel piled just above the head of the

series.

Tail Sluices are sometimes erected to intercept the tailing from one

or several sluices with the object of collecting a further percentage of gold

from the waste material. These tail sluices are made of much greater size

than those described above, and in some cases pay for construction. The
Kumara sludge channel, erected by the New Zealand Government to carry

the tailing from the sluicing works of the district into the river, caught

957 ozs. of gold in the four years ending in 1891. This sluice is 3 feet 6 inches

wide, and has a grade of 1 in 28, while the boxes which discharge into it are

only 18 inches to 22 inches wide. Usually, in good work, the sluices are

long enough to make the tailing too poor to be worked over again at a

profit, except by the Chinese, until after it has been enriched by natural

concentration in the rivers.

Fly Catchers were invented in Australia for the purpose of catching the

fine particles of gold, which, successfully evading the riffles of all sluices, float

down on the surface of the rivers. These devices consist of weirs constructed

on piles driven into the river bed, and stretching across from bank to bank
of the river. Boards covered with blanketing or coarse gunny-sacking are

attached to the weirs and collect all particles floating on the surface of the

water. At intervals the blankets are taken up and washed in a tank. These

fly catchers soon pay for their cost of construction on many rivers, but are

liable to be damaged by floods, and by beiog used as bridges by men and
animals.

Dry-Blowing .—If no water can be obtained, it is sometimes profitable

to concentrate pay-dirt by winnowing, tossing it in a pan until the lightm*

particles have been blown away, and finisMng with mouth-blowing. It

is, of course, a wasteful method of concentration. In West Australia the

conditions are favourable to dry-blowing, winds being strong and constant

and the air hot and dry. The method used there ^ is to slowly empty a pan
full of dirt into an empty pan placed on the ground. This operation is

repeated again and again, and is followed by tossing in a pan, by “panning”

as though water were being used, and finally by mouth-blowing. The larger

pieces of barren material are removed by hand at intervals.

Among machines used for the purpose, the simplest consist of flat screens

supported on a frame and shaken by hand, the material falling through

being winnowed by the wind. In other contrivances, a bellows is added

worked by the same hand-mechanism by which the screens are shaken.

In some of the machines the blast of air is used to keep the sand partly

in suspension, while it is moved by gravity down an inclined table which

^ Rickard, Trans, Amcr. Inst, Mug, Eng,^ 1898, 28 , 503.
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is furnislied with riffles. The auiiferous material must be quite dry or perfect

disintegration cannot be accomplished. In a typical dry washer, the gi‘avei

is first made to pass through shaking screens, the mesh of which is adapted

to the character of the material. The object of the screen is to eliminate

the larger fragments, which are usually barren. The shaking screen delivers

the material on to an inclined table formed of a wure-screen, covered with

light canvas or some similar material through which are forced pulsating

blasts of air. These sudden puffs throw up the sand and let it settle again

alternately, and as a result the light material works down the table, while

the gold is retained by the riffles, being too heavy to be tossed over them by
the air.

In Edison’s dry washer,^ the auriferous sand falls vertically and is acted

on by a horizontal current of air supplied by a fan, care being taken to avoid

puffs and to keep the current constant. The air passes through a screen

to ehminate eddies. The lighter material is deflected from its course more
than the gold. As the gold is of different shapes and sizes, the gravel is care-

fully sized by screening. At a mill near Santa Ee, in New Mexico, where

the gravel contained from 3 cents to 35 cents in gold per cubic yard, about

95 per cent, of the gold was saved. The iron was removed by a magnetic

separator.^

In the State of Sonora, Mexico, dry-washing for placer gold is also prac-

tised.^ Here Kichards observes that cement gravel containing about 14 or

^5 of gold per cubic yard is disintegrated in a Quenner disintegrator and
passed through an air-blast machine consisting of an inclined table of burlap

and calico on a wire screen. Puffs of air, 150 per minute, are forced upwards
through the screen and cause the sand to jump the riffles and travel down
the table while the gold is caught. The capacity of the table is 2 cubic yards

per hour, and the value of the tailing is about 70 cents per yard. The gold

is cleaned by tossing in a large wooden batea.

River Mining.—This method was formerly practised on the rivers of

California, but is now superseded by dredging. An entire river was fre-

quently deflected from its course so as to lay bare a section of its bed.

This was usually done by building two dams from banl?: to bank, with their

foundations on bed rock, the water being carried off in a wooden flume,

starting above the head-dam and terminating below the foot-dam.

Sometimes, as on the American and Feather Rivers, tunnels were made
to drain permanently large reaches and deliver the water at a lower point.

Sometimes wing-dams were built out from the bank above and below the
part of the river it was desired to work, and a third dam connecting their

mid-stream ends was constructed parallel to the direction of the current.

The space cut off was then pumped dry.

The river bed exposed by such methods was prospected and the pay-dirt

when found taken out and washed, particular attention being paid to the
surface of the bed-rock. The operations were usually terminated by the
autumn floods.

River mining was probably subject to more uncertainty than any other
branch of gold mining. The whole capital invested was often lost, and all

works and machinery swept away by a flood before the pay-dirt was sighted,

1 Chapman, Eng. and Mrig. J"., May 9, 1903, p. 713.
^For a description of other dry or air concentrators, see Chapter xi.
® J. V. Richards, Trans. Amer. Inst. Mng. Eng., 1910, 41 , 797.
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while numerous instances are on record in which the alluvium on the river-

bed, after having been laid bare at great expense, was not rich enough to
pay for sluicing.^

Dredging.—This method of recovering gold from the gravel of river

beds has of late years made remarkable progress, and its extension to the
working of all flat placers, including those which are at some distance from
the nearest stream, has completely changed the aspect of shallow alluvial

mining. Large quantities of material can be worked at a low cost, and
without filling the rivers with debris and causing damage to agricultural

lands down stream. The consumption of water is small. Dredging is prac-
tised in naany countries

—

e.g.^ New Zealand, Alaska, Klondike, Siberia,

British Guiana, Colombia, S. America, West Africa, the Phihppines, and,
most of all, in California. A. Grothe ^ states that the first dredge was operated
on the Clutha River in New Zealand in 1864, but even in 1891 the method
had made but little progress, and was generally looked on with disfavour
everywhere except in New Zealand. In dredging, gravel is raised from the
bottom of the river and delivered into a barge (also called scow, pontoon or

hull), and the material is there washed, the gold extracted, and the tailings

sluiced back into the river or stacked on the bank. Gravel beds not in rivers

are also dealt with. Dredges may be divided into three classes, according
as (1) suction pumps, (2) continuous chain-bucket elevators, or (3) a crane
and bucket or shovel are used to raise the gravel.

(1) Suction Pumfs ,—In this system, a centrifugal pump draws material
through a large suction hose reaching to the bottom of the river. At Alex-
andra, New Zealand, as long ago as 1887, a Welman suction dredge was put
into operation, and others were built for the ocean beaches. They were
found suitable for the treatment of fine gravel, sand, etc., but not for coarse
gravel and stones.^ In 1891, a Welman suction dredge was in successful

operation at Waipapa Creek, New Zealand.^ The pump was 3 feet 6 inches
in diameter, and the suction pipe, which was 13 inches in diameter, could
be applied at any point in an area within a radius of 40 feet. The large stones

were caught and separated from the fine stufl by a riddled hopper-plate.

The gold was very finely divided, and was caught on plush mats which were
washed every eight hours. The water for washing was supplied from a

reservoir by means of an 18-inch pipe. Stones of 56 lbs. weight were lifted

by this pump, but larger ones occasionally blocked the suction pipe.

It is difificult to regulate the relative amounts of gravel and water raised

by suction pumps, the latter tending to be in great excess. The suction

pipe is soon worn out, especially by coarse gravel, and the power required

per ton of gravel is considerably greater than in the case of ladder-bucket

dredges. Nevertheless, dredges of this t3?pe have been in successful operation

on the Snake River, Idaho, where a suction pump was working in 1899 on
the material of the bank. A pit, 20 feet deep, was first excavated, and the

sides were then sluiced down by jets of water, and sucked up through a hose

pipe until a hole 200 feet square had been made, when the dredging apparatus

was moved and a second pit excavated, the tailing being discharged into the

^ For a full account of river mining, with details of dam-construction, etc., see the article

on the subject by R. L. Dunn in the Ninth Annual Rep. of the Cal. State Mineralogisty

1889, pp. 262-281. See also the Eleventh Report^ 1892, pp. 150-153.
2 Grotbe, Mineral Industry, 1899, p 326.
2 New Zealand Mining Handbook, 1906, p. 245.
^ Report of the Department of Mines, New Zealand, 1891.
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first pit.^ Tlie material tandled ranged from fine sand to boulders 8 inches

in diameter. Suction dredges, however, are not much used.

In 1909 proposals for the improvement of suction dredges were made
by H. S. Granger.^ They included the strengthening of the parts (pump-
shell, runners and liners) which are most liable to wear and breakage, the

provision of a cutter for loosening compact gravel at the intake, and, most
important of all, an increase in the diameter of the suction pipe from the

ordinary 10 or 12 inches to 24 inches, in order to allow larger stones to pass

through. He instanced successful work done by suction dredges in harbour
operations.

In Australia hydraulic sluicing with centrifugal pumps, which is not to

be confused with suction dredging, is much used in reworking the old alluvial

diggi^s, and has been found profitable.® In the Gastlemaine and Beechworth
districts many plants are reported at work. Work begins by excavating
a hole to float the barge (dredge). A pressure of water of 60 to 70 lbs. is

required to work the pump. The average yield of the old placer ground
at Gastlemaine was nearly 230 ozs. per acre. Boulders up to 60 lbs. in

weight were raised and passed.

(2) Chain-Buchet Dredges .
—^This is, in the majority of cases, the most

satisfactory and economical type, and the one in general use. Ghain-bucket
dredges are made in great numbers both in New Zealand and in Western
America.

A full description of a number of types of bucket dredges with the neces-
sary machinery is given by E. 8. and G. N. Marks, ^ from which some of the
following details are taken :

—^The simplest and cheapest form is the sluice-

box dredge, on which the gold is caught in a long sluice run, into which the
buckets tip their burden. The other type is the screen dredge, which is

fitted with a revolving trommel, through which the material raised is

washed on to tables. The diagram, Fig. 35, shows a Risdon screen dredge
at work. In whatever way the gravel is washed the excavating is done by
means of an endless chain of buckets passing round two tumblers, which
are placed at the ends of a long ladder or frame. The ladder is of such a
length that, when the buckets are working at the bottom of the water, it

hangs at an angle of about 45°, as in this position the buckets give the best
working results. The lower tumbler is, in modern dredges, an idler or sheave,
not^ power-driven, and is now made round, not polygonal It consists of
ordinary cast steel or, better, of manganese steel. The ladder rollers, on
which the chain runs, consist of chilled cast iron or steel. The upper tumbler
is usually hexagonal, and acts as a positive driving sprocket for the bucket
chain.^ Manganese, nickel, chrome, and other special steels are now much
used in di'edge construction^ for the tumblers, buckets, rollers, spindles,
etc., which are subject to heavy wear.

The ladder is suspended at its lower end from a heavy gantry on the
bow of the dredge hull, the raising and lowering of the ladder controlling
the digging depth. The elevation of this ladder is controlled by a winch,
called the ladder hoist winch, situated on the port side of the dredge. The

^ Grothe, Mineral Industry^ 1899, p. 328.
2 Granger, Traufi. Aner. I. st. Mng, Bng., 1909, 40, 496.
3F. p. Vow^.Eng. and Mug. X, 19U6, 8

1

, 759; Granger, Uc. cit.
«E. b. and G. N Marks, Trans. luat. Mng. and Met., 1900, 15 , 453

and bhepard, General Electric Reriew, May, 1914, 1

7

, 436.
^ Sibbett, Eng. and Mng. J., 1914, 97, 307.

see also Gardner
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lateral motion of the buckets is secured by swinging the entire dredge on one

^of the ‘ spuds ’ as a pivot. This is done by means of lines run from two
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drums, tlie ‘ swing wincli/ on tlie starboard side, connected through sheaves,

on the port and starboard bow to ‘ dead men ’ on the banks. The continu-

ously revolving bucket line is thus swung across the face of the bank for a

width of from 190 to 300 feet, and at the extreme lateral limit of the swing

the ladder is dropped and the side swing repeated. The revolving buckets-

thus terrace away the bank until bed-rock is reached, when the ladder is

raised, the dredge stepped forward by swinging on alternate spuds, and the-

whole operation recommenced. These spuds, which are single sticks of

lumber on the smaller dredges and of structural steel on the larger and more-

powerful dredges, are at the stern of the dredge and suspended from the

stern gantry. On Yuba No. 14, for instance, these spuds weigh over 40 tons,

each, and are 60 feet long. By alternately raising and dropping these two^

Fig. 36.—Close-connected Bucket Chain.

spuds as the dredge swings, it is stepped ahead much as a stiff-legged maiii

might walk.” ^

The buckets are of steel plate, with a wide mouth and a shallow back

to facilitate discharge. Their capacity varies from 3 to 16 cubic feet, but

the tendency is towards larger buckets. In the Californian type of dredge

the buckets are placed close together, following one another with no con-

necting linli: between (close-connected bucket chain, see Tig. 36), and in the-

Fig. 37.— Open-Link Chain with Solid Links.

New Zealand type of dredge the buckets are spaced to form an intermittent
chain (open-link bucket chain, see Eig. 37). The former type is generally
better, especially in loose free-running ground, and the latter is said to be
better in hard ground or when dealing with timber and boulders. A “ save-
all ” sluice box is provided to catch the drippings from the buckets. A
winch and drums are used for anchorage lines (when spuds are not employed)-
and for working the elevators. The power, formerly steam, is now electrical

where possible. A heavy water pump is required.

1 W.H. Gardner and W. M.J Shepard, Genet^al Electric Review (New York), 1914,
438.
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” The ascending buckets, full of gold-bearing material, are dumped over

the upper tumbler into a hopper, lined with heavy wearing bars, where it

is subjected to high pressure sprays of water. The gravel is then delivered

to the screen, a revolving cylinder sloping toward the stern and lined with
perforated steel plates, in which it is continuously played upon by jets of

water and is completely disintegrated. The sand, fine gravel and gold par-

ticles are washed through the perforations into the distributor imder the
screen which serves to properly distribute the mass on to the gold saving

tables. These are in two banks, an upper and a lower, and are composed of

fore and aft and thwart-ship sluices, lined with steel-shod sugar-pine riffles,

where the gold is caught and amalgamated with mercury. The waste sand
is delivered from the tail sluices at the stern of the dredge, some of it being

deposited around the spud |)omts to enable them to obtain a firmer hold,

and the remainder dumped at some distance behind the dredge. The boulders

and heavy gravel, which do not pass through the perforations, fall from the

rear end of the screen into a chute and are thence delivered on to the stacker

belt. This endless belt carries the material up a long stacker, which is hung
from the stern gantry of the dredge, and is finally dumped far to the stern,

forming the extensive ‘ rock piles ’ characteristic of a dredging field.” ^

A typical New Zealand dredge is shown in Kgs. 38 and 39. These figures

are from drawings supplied to the Department of Mines of New Zealand

by F. W. Payne, of Dunedin.^ He also gave the following description

of the plant. ^

The hull is 119 feet long, 35 feet 6 inches wide at bow, and 50 feet wide

at. stern. Depth of hull forward 6 feet 6 inches, depth aft 9 feet 6 inches.

The engine is 25 H.P. nominal. The ladder carrying the bucket-chain is of

sufficient length to dredge 40 feet below water line. The buckets are of

7 cubic feet capacity, and run at a speed of ten buckets per minute. The
ladder is raised and lowered by a line 'worked by a winch, and five other

winches are designed for a head line and fom* side lines to moor the dredge

to the bank and to move it from place to place. The buckets deliver the

gravel into a revolving screen 31 feet long and 4 feet 6 inches in diameter,

driven by friction rollers. Thence the coarse material is directed into the

main tailing elevator-buckets, and the fine material passing through the

screen is delivered on to the gold-saving tables. After running over these,

the taihng is deposited in a settling tank, from which it is lifted by a

supplementary elevator into the main tailing elevator. The main elevator

is no less than 145 feet long between centres, and is capable of stacking

tailing to a height of 80 feet above water- line. The capacity would be

about 120 cubic yards per hour with the buckets three-fourths full. The
dredge was intended to work on Fraser Flat, near Alexandra, New Zealand.

The chain-bucket dredges in use in California bear a close resemblance

to the type generally used in New Zealand, where most of the appliances

originated. The following is a brief abstract of a description of a dredge

placed at Oroville, on the Feather Kiver, given by its designer, E. H.
Postlethwaite ^ :—The hull is 80, feet long by 30 feet wide and 7 feet deep.

The ladder, carrying the dredger buckets, ‘consists of a heavy lattice girder,

and the bucket belt travels on cast-steel rollers. There are 32 cast* steel

^ Gardner and Shepard, loc, cit.

Payne, Report of the Department of Mines, New Zealand, for 1899-1900, p. 43.

® Payne, loc. cit.

^Postlethwaite, Mng. and AH Press, Dec. 15, 1900, 8

1

, 582.
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buckets, each of 5 cubic feet capacity, the lips being made of nickel steeL

The ladder runs at tbe rate of 12| buckets per minute, giving a capacity of

over 100 cubic yards per hour with tbe buckets tbree-fourtbs full. Tbe gravel

is delivered into a revolving screen 4|- feet in diameter and 25 feet long per-

forated with boles of |- incb in diameter. Tbe coarse material is conveyed

away by a bucket elevator, but tbe fine stufi after passing over tbe gold-

saving tables is sluiced into tbe river at a distance of several yards beyond

tbe stern of tbe dredge. Tbe dredge is moored by five lines and all power

is supplied tbrougb electric motors. Tbe crew consists of two men per shift,,

and about 70 H.P. is used in tbe various operations. Tbe working costs of

Risdon dredges in California are stated to be in certain cases about 4 cents-

per cubic yard of gravel, but are generally from 6 to 8 cents.

According to D. W. Brunton,^ dredges built in 1909 were provided with

close-connected buckets, of capacities up to 13-5 cubic feet, and capable of

handling 10,000 cubic yards of gTavel in twenty-four hours. There were

bucket-ladders capable of digging 67 feet below the water line and 20 feet

above it.

C. Janin, in describing a modern Californian dredge,^ tbe Yuba No. 13,.

put in commission on August 10, 1911, says its dimensions are 150 feet by
58*5 feet by 12-5 feet, with an overhang of 5 feet on each side. Tbe digging-

chain is of plate-girder construction, designed to dig 65 feet below water

level and is equipped with 90 buckets in a close-connected line, each of

15 cubic feet capacity. Tbe weight of tbe chain and buckets is 700,000 lbs.

Tbe washing screen is of tbe revolving type, roller driven, and is 9 feet in

diameter and 50*5 feet long. Tbe gold-saving tables are of tbe double-bank

type, and have a total area of 8,000 square feet. Tbe conveyor stacker-belt

is 42 inches wide and 275 feet long, on a stacker ladder (lattice-girder) 142 feet

long. Nine motors are in use on tbe dredge, of a total capacity of 1,072 H.P.

There are two steel spuds. Tbe scow is constructed of wood, but steel scows

are now generally preferred, especially in tropical climates. Even larger

buckets up to at least a cubic yard in capacity are expected to be used.

Tbe dredge described above bandied 280,000 cubic yards per month on
tbe Yuba River at an average operating and maintenance cost of 3*3 cents

per cubic yard.^

Tbe latest dredge, Yuba No. 14 (see Fig. 40), is described by Gardner
and Shepard,^ and was built on tbe Yuba River in 1912. Its bull, steel decks,,

bousing and gold-saving tables are of steel, and it is electrically operated.

Tbe buckets are of 16 cubic feet capacity and tbe wearing parts are of man-
ganese or nickel-chrome steel. Tbe digging can be carried down to 70 feet

below water level. Tbe dimensions are similar to those of Yuba No. 13, and
its weight is 1,994 tons.

Tbe dredge is now often anchored by means of spuds, as in tbe cases-

described above, instead of by a number of mooring lines. In tbe former
case tbe anchorage is more rigid, preventing tbe rocking of tbe barge, which
interferes with tbe gold-saving tables.

(3) Crane and Budget Dredges .—In these dredges a single large bucket
or shovel, with a capacity of 1 or 2^cubic yards, is filled with gravel and hoisted

^ Bruiiton, Trans. Amer. Inst Mny. Ewj. , 1909, 40, 557.
2 Janin, Trans. Amer. hist. Mny. Eng., 1911, 42, 855.
^ Gardner and Shepard, Mng. anO. Sci. P7'e$s, June 27, 1914, 108, 1058.
^ Gardner and Shepard, loc. cit. ; also General Electric herieio, loc. cit.
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on board a barge by some form of crane. The bucket is sometimes of the
Priestman grab type, opening at the bottom as it is dropped on to tbe gravel
bed, and closing automatically when tbe chains begin to raise it. A large

sbovel is also sometimes used as in a case on tbe Fraser River, British

Columbia, in 1896-1897.^ Here there were two barges, one containing tbe
dredging macbmery, tbe other tbe gold-washing tables. Tbe sbovel made
90 trips per hour and raised IJ cubic yards at a time. Boulders up to 5 or

6 tons in weight could be bandied with ease. Tbe Priestman grab bucket
does not close completely, if a stone lodges between its jaws, and comes up
partly empty, but in cases where large boulders, tree trunks, etc., are dispersed

through the gravel, it might be used with advantage, instead of tbe ordinary

ladder-bucket, which cannot deal with such obstructions. Tbe wear and
tear is said to be less with a Priestman dredge than with the bucket dredge.

A Priestman dredge is shown in Figs. 41, 42, and 43, which are from
drawings supplied by Messrs. Priestman Brothers.

Fig. 40.—^Yuba Dredge.

It is considered by some that dipper-dredges ” are useful under the

following conditions :—(1) Where the ground is somewhat shallow
; (2) in

small areas where a cheap dredge is required: (3) where the material is

rough, with boulders and stumps
; (4) where the ground is mixed with

more or less clay, as the dipper will relieve itself notwithstanding the ad-

hesiveness of the material (Janin).

In places unsuitable for dredges, iueket-scmfers are sometimes used.^

This is a single bucket of about 1*5 cubic yards capacity on a crane, loaded

by a drag line. The gravel is dumped by the bucket into a hopper, which

feeds a trommel screen. The machine rests on rollers, by which it is moved
on a plank track. It has been tried by Purington in Siberia.

Gold-Saving Apparatus .

—
^The available space on a dredge is so small

^ G-rothe, Mineral Industrij, 1899, p. 829. 2 Janin, loo, cit.
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that long sluices are out of tlie question, and it is, therefore, necessary to

disintegrate the gravel thoroughly in revolving trommels or on shaking

or travelling screens, and to make the gold-saving tables as wide as possible,

so as to reduce the speed and depth of the stream of gravel running over them,

especially where fine or scaly gold is abundant. The best size for the holes

in the trommels is usually considered to be within a range from fV f ii^ch.

All material not passing through is regarded as worthless, and is not treated

on the tables. In New Zealand the inclined tables are generally covered

with coir matting or plush,^ and in the United States with calico, covered

with cocoa matting, on which is laid a sheet of expanded metal, the raised

edges of which form a series of very effective riffles. Hungarian riffles, or

bars somewhat resembling T-shaped rails, placed transversely, are also

used.^ Mercuiy is placed in these riffles, but mercury is not often used in

dredge-washing,

A trommel described by B. S. and G. N. Marks ^ is 17 feet long and
54 inches diameter inside. It is constructed of steel plates with perforations

ranging in four successive sections or rings from to inch in diameter.

The pitch aft of the screen is 1 inch to the foot. Water is supplied by a

9-inch pipe perforated for 12 feet opposite the perforated rings of the screen

with four rows of 4-inch holes at 4-inch centres. The finer material under-

going treatment is washed through the screen perforations on to the gold-

saving tables running athwartships. The tables in this case were 14 feet

long and 12 feet wide, made in four widths of 3 feet each, stepped one above
the other with division plates between them. The pitch of the tables is

usually about 1 in 10, and they discharge into a shute which runs out over

the stern of the dredge, either into the water or on to the bank. The oversize

from the trommel is either passed direct to a tailings elevator set at an angle

of about 30°, or is first treated in a sluice box fitted with calico, cocoanut
matting and riffles to save gold, as in the case of the tables.

Marks ^ also describes a sluice box which may be used instead of a trommel
and tables. The sluice may be 40 to 50 feet long and 3 to 6 feet wide, with
a pitch varying from 1 in 8 to 1 in 10. The bottom of the sluice is laid with
perforated plates and riffles overlying the cocoanut matting and calico

throughout its entire length. In order to give variation in treatment as

many different classes of riffles as possible, such as angle irons, Venetians,

perforated plates and crimped or diamond-shaped expanded metal, are

used in the sluice. The riffles are prevented from becoming packed or

choked. Undercurrents are sometimes used. (For description, see p. 109.)

On the Snake Hiver in Idaho, the gold consists of thin flakes and is

difficult to catch. The gravel is concentrated by passing through sluices

lined with perforated steel plates. The fine material is then further con-
centrated on tables covered with, burlap.^ Similar methods have long been
in use in New Zealand. J. P. Smith states ® that fine gold is lost in most
of the New Zealand dredges and gives a table, from which the following
details are taken, of some of the most modern dredges in which fine gold
is being saved :

—

^ J. P. Smith in Re.pt, of Dept, of MineSj New Zealand, 1899-1900, p. 51.
2 For illustrations of these riffles, see Purington, Mining Mag. mid Pacific Coast Mini

1905,11, 21,127.
^E. S. and G. N. Marks, Trans. Inst. Mng. and Met.,, 1906, 15 , 471.
Marks, loc. cit, p. 479.

^ Grothe, Mineral Industrij, 1899, p. 331. J. P. Smith, loc. cit.
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TABLE XX.

Dredge. AAUdth of
Tables.

Material passed over
Tables per Foot of

AVidth per Minute in
Cubic Inches.

Proportion of

Sand to
AYater.

Eraser’s Flat, .... 21 feet. 2,800 cubic inches 1 to 943
Olrig, 18 „ 768 1 to 28*8
Leviathan, ..... 81 „ 674 1 to 17-2
Waim-umn, ..... 28 „ 555 ! 1 to 37
Mokoia and BuUer Junction, . 15 „ 1,152 !

1 to 33
I

!

The difference between the value of ground as determined in prospecting

by treating samples in a cradle and that found in actual Avork with a dredge
•shows that some fine gold is lost in practice.

The sluice boxes or tables are cleaned-up Aveekly, the riffles or expanded
metal being lifted out and the matting and calico washed in tubs. Most
of the gold is found in the first feAV feet, Avhich are sometimes cleaned-up

every few hours. The washings or concentrate may be run through a small

sluice box, 15 inches wide and 12 feet long, called a streajning-down box
(Marks). It is laid with silk plush or green baize. The final product is amal-

gamated, sometimes in a clean-up pan. The original concentrate may also

be treated by amalgamation, either by rrmning it over amalgamated
plates or by treatment with mercury in a clean-up pan or a rotating

barrel.

Disposal of Tailing.—The tailing was formerly always discharged into

the water again at some point beyond the stern of the dredge. It is now
often piled on the bank to prevent any risk of mixing it with untreated

gravel. Coarse and fine tailing is usually piled up separately, and when
flat inland placers are being dealt with, as described below, the separated

tailing occupies 50 or 60 per cent, more space than the undisturbed ground.^

The bucket elevators for raising the tailing are shown in Figs. 38 to 42.

Treatment of Flat Inland Placers—“ Paddock Dredging.''—-The advantages

of dredges in handling gravel have appeared of late years so great that their

use has been extended from the beds of rivers to all flat placer ground wherever

situated. The dredge is placed in a reservoir Avhich is filled with water.

The machinery is then erected and dredging begun, the tailing being dis-

charged at the stern, so that the reservoir and dredge move gradually forward

together. By piling gravel round the reservoir and letting in more water,

the dredge is raised and can be made to work its way up sloping ground,

as at the Warm Springs, Idaho. According to PostlethAvaite ^ clear water

is kept flowing into the reservoir to prevent it from becoming too muddy
for close gold saving. The amount of water required on a dredge is about

2,000 gallons per cubic yard dredged.®

Advantages of Dredging.—Investments in dredges have been popular in

New Zealand of late years, ior the reasons that results obtained have been

good, the capital required is comparatively small, working expenses easily

‘Calculated and subject to few variations, and, if the claim tmms out to be

^ G-rothe, Mineral Industryt 1899, p. 331.
2 Postlethwaite, Mining Mag. and Pacific Coasit Minci\ Jan. 1905, II, 8.

® Richards, Ore Dressing., 1903, p. 1013.
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barren, tbe di’edge can be transferred elsewhere or sold. The Government

Inspector, in fact, repoi-ted in 1900 ^ that in some parts of Kew Zealand no*

other form of mining would be entertained as an investment. Dredging

on rivers is a far cheaper method of treating the gravel than any other, but

any great extension in the future will doubtless be in inland work. The
amount of water required is small, the risk of loss by floods or any kind of

accident infinitesimal, and the labour costs trifling.

Difficulties in Dredging .—The difficulties of raising the gravel due to the

occurrence of tree trunks or large boulders are obvious. Nevertheless, the

chief difficulty is to save the fine gold in the gravel. The losses of gold are

often large, though seldom considered. In one New Zealand dredge, it

was found as the resiflt of treating measured quantities of tailings that gold

amounting to 2 grains per cubic yard of tailings treated was lost.^ The yield

on the dredge was about 3 grains per cubic yard, so that only 60 per cent,

of the gold was saved. When there is an “ overburden ’’ or layer of clay

above the auriferous material, it is found that lumps of clay and water carrying

clayey matter in suspension are responsible for the losses of gold. The best

method of avoiding these losses is to strip oli the overburden of clay before

attempting to raise and wush the auriferous gravel.

The bottom on which the gold-bearing material rests is also of importance,

A hard bed rock prevents the gold lodged in its crevices from being lemoved
by the dredge. Soft bed-rock partly decomposed in situ is, on the other

hand, an excellent bottom for dredging. A soft tenacious clay underlying

the gravel causes loss of gold in washing. A. F. J. Bordeaux ® mentions

the great difficulty in dredging in French Guiana due to a tenacious clay,

which must be puddled by hand in the sluices to free the gold contained in,

or picked up by, it. In a dredge the clay sticks tightly to the buckets and
goes round and round in spite of all water jets. It is necessary to dislodge

it with shovels.

One of the greatest sources of expense in gold-dredging is the repair of

the bucket-line, including the tumblers. Stones carried between the tumblers

and the buckets break or bend the latter. In 1905. such repairs amounted
to one-third of the entire operating expenses, and was the cause of 39 per

cent, of the time lost in stoppages.^ Wooden hulls of dredges are destroyed

by insects in tropical countries, and are now being replaced by steel

Cost of Dredging .
—^The capital expenditure on a dredging plant in New

Zealand varies from about £2,500 for a small dredge, with a theoretical

lifting capacity of 60 cubic yards per hour, to £10,000 for a dredge capable
of lifting 150 cubic yards per hour, and far more for the modern large dredges
treating 250,000 cubic yards per month. The working cost of a small dredge
is given as about 1 oz. of gold per day in New Zealand,^ or about twopence
per cubic yard of gravel treated. The cost of worldng in Western America
is stated to be about four cents per cubic yard in a case where the power
was supplied by steam from coal.® Working costs at Oroville, California,

are given by Postlethwaite as ranging from 3-66 to 8-7 cents per cubic yard.*^'

^ Report on Dep)t. of 3Iines of New Zealand, 1899-1900, p. 41.
^ Report on Dept, of Mmes of New Zealand, 1899-1900, p. 41.
® Bordeaux, Trans. Amer. Inst. Mng. JEng., 1910, 41, 587.
^ Cal. State Mng. Bureau, Bulletin 36, 1905; Trans. Amer. Inst. Mng. Eng., 1909, 40, 504-
^ Loc. fit.

® Grothe, Minered Industry, 1899, p. 336.
^ Postlethwaite, loo. cit.
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The working cost on a dredge of moderate size is given by F. W. Taylor ^

as about £40 per week, and the return may be expected to be from 20 to
30 ozs, of gold per week, so that the profits are often large. A table of
working costs in California in 1910 is given by C. Janin.^ The costs varied
from 2*30 cents per cubic yard working on fine gravel with easy digging by
means of buckets of 13*5 cubic feet capacity to 9*60 cents per cubic yard
with difficult digging with 5 cubic feet buckets. The cost in the case of the
large Californian companies was 4 or 5 cents per yard in 1910, and about
5 cents m 1913. In French Guiana the cost is about 33 cents per yard.^
In Siberia, where the industry was started in 1900, the working cost was
given by Taylor as about 4*2d. per cubic yard in 1904. The working costs
of the Phoenix (Victoria) Company are given by Marks as 2*6 pence per
cubic yard.^

Method of Working Siberian Placers.—-The methods and apparatus
employed in Siberia difier so markedly from those which have been adopted
elsewhere, that they are well worth’ a special description, although they
cannot usually be applied to placers found in other parts of the world, owing
to the difference in economic conditions. In California the valleys are
narrow and the grade steep, so that watercourses are usually close to the
auriferous deposits, and the sluices can be made of almost any length, while
still conforming to the general slope of the soil. In Siberia the slope of the
valleys is so gradual that the flow of the water is almost imperceptible, and
often takes place through wide marshy tracts. The result of this is that
the sluices must be short, being usually less than 100 feet long, and their

upper ends are frequently raised on trestles. As a further consequence,
also, the gravel must be excavated by hand and carried in waggons to the
sluice, and the tailings removed in a similar way, the flow of water acting

by gravity not being available for these purposes. Wire-rope haulage and
narrow-gauge railway transport with the aid of locomotives are also used
(Ferret). The stripping of the overburden of barren material is also usually
done by shovelling into tw^o-wheeled carts drawn by horses. The introduction
of mechanical excavators, such as steam shovels and drag-line (or scraper-

bucket) excavators, has not been attended with success, according to Ferret.^

The excavation is made in benches or terraces, working up the valley. The
height of each bench above the lower one is about 5 feet, and the gravel is

picked down from the face of each bank and shovelled into carts by which
it is conveyed to the washing establishments. The additional expense
entailed by these causes is balanced by the low cost of labour in the country,

and an incidental advantage lies in the fact that the washing apparatus
can be placed outside the limits of the river during flood time, and so may
remain for a number of years undisturbed, while all the gravel in the district

is being w^ashed. The workings are divided by Ferret into open and under-

ground workings, the latter being exploited preferably by drifting, when the
fall of the ground admits of natural drainage, but shafts are also largely

used. The w'orkings are never of any great depth.

1 Taylor, Eng. and Mng. J. ,
Jan. 14, 1904, p. 84.

2 Janin and Winston, Mng. and Sd- Press, 1910, lOi, 151.
3 Trans. Amer. Inst. Mng. Eng., 1910, 41 , 686.

* Marks, Trans. Inst. Mng. and Met., 1906, i5> 492.
® Ferret, Trans. Inst. Mng and Met., 1912, 21 , 647*690. In this paper details are given

of the methods of work, costs, etc.
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Tkere are tkree types of apparatus employed, eack designed for wasking

a particular kind of deposit. Tkey are :

—

1. Tke Siberian sluice, wkick is used to wask ligkt sand.

2. Tke Trommel, used for loamy sands.

3. Tke Pan, used for gravel wkick is cemented togetker by means of

compact clay.

1. The Sihetian Sluice .—^Tke apparatus at Yoltckanka, wkick may be

taken as a type, consists of a bead sluice and tkree secondary sluices, wkick

are placed at right angles to tke kead sluice, and wkick leave it at difierent

points and converge to a common centre, where tke tailings are discharged.

Tke kead sluice begins at a height of 13 feet from tke ground
;

it is about

90 feet long by 2 feet wide, and has a fall of about 1 in 14. Tke sands are

dumped from tke waggons on to a wooden platform situated above tke

sluice-kead, and shovelled into tke latter, a stream of water being turned

in at tke same time. After passing through a grizzly, tke gravel runs over

a series of cast-iron cross-bar riffles, which form a number of rectangular

depressions (or figeon-lioles) in tke bed of tke sluice, by wkick tke disinte-

gration is favoured. Tke stream then flows over an iron screen, through

which a part of it falls into tke first secondary sluice, while the remainder

continues its course over more pigeon-hole riffles. This arrangement resembles

tke Californian undercurrent. A second and a third screen open on to the

other secondary sluices, and tke part of tke gravel (consisting chiefly of

small stones) which has resisted disintegration, and has not passed through

tke screens, is then let fall into a hopper, whence it is removed to the tailing

The secondary sluices are wider than the head sluice, and have a steeper

grade, and the amount of water and auriferous material passed is, of course,

much less in each one than in tke principal sluice. Tke sands first pass over

a number of transverse riffles, and then over about 30 feet of blanketing,

tke sluice being widened at tke same time, and subdivided by longitudinal

wooden partitions, and the grade being as much as 1 in 6, while small drops

are introduced at intervals of a few feet. The third sluice has a more gentle

inclination than tke others. Tke tailings fall into a shallow sump, and are

instantly lifted out of it by a bucket elevator or “ tailings-wkeel ” operated

by water power, and stored in a hopper, whence tkey fall into waggons,

by wkick tkey are removed to tke dumping ground.

No mercmy is used in these sluices, and only the production of “ grey

concentrate ” is attempted, this work being continued from 6 a.m. to 7.30

p.m. every day, after which tke concentrate is collected from fche riffles.

It consists of gold in scales and plates, magnetic iron oxide, pjaite, rutile,

togetker with some quartz, etc. It is treated with mercury in tke Siberian

trough or washlierd, or on inclined tables, tke method being that described

onp. 106.

Tke apparatus described above treats 600 tons of gravel per day, the
labour required being furnished by twenty men and ten horses. Tke gravel

treated contains an average of from 12 to 15 grains of gold per ton, rarely

falling below 6 grains per ton
; tke exceptional richness of 3J dwts. per ton

has been observed. Tke gold is chiefly found in the head sluice, where 70 per
cent, is retained, 30 per cent, being caught on tke secondary sluices. At
a similar establishment at Tchernaia-Retckka, however, where the gold is

less finely divided, 97 per cent, was caught on the kead sluice, and only

3 per cent, on tke secondary sluices. Tke amount of water used at Voltchanka
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is about six times tbe weight of the gravel. The cost of construction of the

works was 70,000 roubles, or about £7,000.

Becently the wooden riffles used in Siberian sluices have been replaced

by wire netting or expanded metal, laid on matting, similar to those used
in America, Australia and other countries. The slope of the sluices is about

3 inches to the foot in Eastern Siberia, where the sluices are short (14 feet),

giving a clean concentrate but a poor yield. In the Urals the slope is 1 to-

ll inches per foot and the length 35 to 50 feet.^

Fig. 44.—^Boxonka.

2. The Trommel.—Gravels which are too compact for satisfactory dis-

integration in the short sluices described above are subjected to a prehminary

treatment by a trommel. At Berezovsk the trommel is of sheet iron of

9 mm. thick, having holes in it of about 1 mm. in diameter. The trommel

is about 12 feet long, 3| feet in diameter at one end, and 4| feet at the other,

and is set inside with denticulated plates of iron to assist in the disintegration

effected by the water. The machine is driven by a water wheel, and is

^ Ferret, Trans. Inst. Mng. and Met,^ 1912, 21, 673.
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•STifficient for the disintegration of from 4:00 to 500 tons of gravel per day,

requiring the expenditure of about 3 horse-power to drive it. The amount

of water used in the trommel and on the tables is 67*5 litres per second, or

about seven and a-half times the weight of the ore. The washing is ejected

on inclined tables only 30 feet long and 12 feet wide, and with a grade of

about 1 in 4, placed with the incline at right angles to the length of the

trommel Near the head of the table, and stretching across ib, is a deep

trough-like depression, and below this there is a number of transverse

in which^grey concentrate is caught and treated as usual. The

Berezovsk establishment employs twenty-five men and fourteen horses
oonstantly

; the trommel usually lasts for two seasons.

The Boronka (Tig. 44^) consists of an arc-shaped concave cast-iron

screen with |-inch holes, over which are suspended iron pendulums, which,
when moving to and fro, mix with and disintegrate the material. It has a

^Ferret, loc. cit. Reproduced with the permission of the Institution of Mining and
Metallurgy.

.
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capacity of 12 cubic yards per boui‘, and is used in small plants in tbe Urals
as an axtsiliary washer.

3. Pan Washings ,—Sandy clays cannot be economically disintegrated
in a tronamel, and are, therefore, treated in a washing pan, or Ghasha, which
is similar to the puddling machine used in Australia (Ferret). Fig. 45 repre-
sents a chasha in plan and elevation.^ The pan usually consists of cast
iron, and is from 8 to 16 feet in diameter, with vertical sides from 1 to 5 feet
high. The bottom is of cast iron or sheet steel, and has numerous holes
in it of about f inch in diameter, widening downwards. The bottom is

divided into 25 sectors, between which are deep groves for the collection of
the pebbles. Through a circular opening in the centre of the pan there
passes a revolving axis to which are suspended eight horizontal arms studded
with vertical iron teeth, some of these being shaped like plough-shares.
The revolution of these arms effects the disintegration of the sandy clays,

which are fed into the pan together with water and puddled until fine enough
to pass through the holes in the bottom, and the stones are removed at
intervals by opening little gates placed opposite the radial grooves, or by
a trap-door in the bottom. The disintegrated gravel falls from the pan
on to concentration tables, similar to those used after disintegration in the
trommel. At Berezovsk the pan is llj feet in diameter and 5 feet deep,
and the arms revolve at the rate of 25 turns per minute. As a rule, about
3 or 4 cubic yards of material are tipped into the chasha at a time, and after

about five minutes’ puddling the stones are discharged and another charge
added. In this way from 25 to 30 cubic yards are washed per hour in a
chasha of 12 feet diameter. ^ The water consumed, including that required
for power, is about ten times the volume of the sand.

Beach Mining.—Beach mining is a comparatively unimportant form of

shallow placer mining. The sea beaches on parts of the coasts of Cahfornia,

Austraha and New Zealand contain small quantities of gold, which have
been proved, in all cases in which the matter has been investigated, to be
derived from the cliffs, in which the gold is generally less concentrated. Some
streaks of black sand, however, in the ‘‘ Gold Bluff,” California, have yielded

$135 or 6f ozs. per ton by actual working.® The waves of the sea wash down
and partially concentrate the poor sands, and, under certain rather excep-
tional circumstances, as the tide goes out the surface of the beach is left

covered with black sand, in which numerous specks of gold occur. This is

carefully scraped up and transported inland to be washed, as sea water is

not well adapted for the purpose, although it was used by one Californian

company. The next tide usually washes away aU the valuable material

which has not been collected, or else covers it with barren sand. There is

great difficulty in washing the black sand in California, as it consists largely

of rounded grains of magnetite, the density of which is about 5*0, while the

gold is in minute fiakes and scales, which can be seen under the microscope

to be oblong in shape, and thicker at the sides than in the middle (a shape
due to continued pounding of a malleable material). This form is so easily

moved and buoyed up by water that it is difficult to get a “ colour ” with
the pan, and the amount caught by the mercury in sluices or long-toms is

usually an insignificant proportion of the total assay value of the sand.

^ Ferret, Trans. loist. Mng. and Met, 1912, 2i, 671. Reproduced with the permission of

the Institution.
2 Ferret, loc. cit. 3 Prod. Free. Met, U.S.A., 1884, p. 557.



128 THE METALLURGY OE GOLD.

The industry is generally a languishing one, but the discoveries of rich

deposits on the beach at Cape Nome, Alaska, resulted in great activity.

In 1899, rockers of all sorts and descriptions were employed, and in 1900

when sluices and machines of various designs were used the production rose

to £1,000,000.

Treatment of Shallow Placer Gravels by Steam Shovels and Amalgamated
Plates.— plant for the treatment of placer deposits, which are similar in

nature to those worked in Siberia, has been devised in America, where laboui'-

saving contrivances are indispensable in all such cases, owing to the high

rate of wages. The apparatus consists essentially of a combination of a steam

shovel or navvy, and an amalgamator consisting of a wide waggon-shaped

wrought-iron trough loosely lined with silver-plated amalgamated copper

plates, which form a series of steps or riffles at the sides of the trough. The
material is elevated into a hopper by the excavator, and thence is charged

into a revolving trommel placed inside the trough. Here the disintegration

of the gravel is effected, and the fine material falls through into the trough,

while the stones are discharged outside at the end of the trommel. At the

bottom of the trough there is a water pipe, carrying water at high pressure,

and in that pipe a series of jets pointing alternately forwards and backwards.

The result is to give a series of eddies or whirlpools in the water in the trough,

and the sand and fine gold is continually carried up to the surface near the

middle line of the trough, and in descending again near the sides it comes
in successive contact with several of the plates, which form a series of steps.

The fine sand is eventually discharged at the end of the trough. It is stated

by the Bucyrus Steam Shovel and Dredge Company, by which the machinery

is manufactured, that such a machine erected in Montana had a capacity

of from 600 to 800 cubic yards of gravel per day, all the water required being

supplied by a pump raising 500 gallons per minute, the proportion being

only three of water to one of gravel, which seems much too small. It is

stated that gravel containing only 12 cents of gold (ie., about 3 grains)

to the ton has been treated successfully by this machine, but exact records

of continuous work done by it are wanting. It will be noted that special

means must be adopted in each case for the handling of the tailings.

In 1903, a steam shovel plant was at work on Dominion Creek, Klondike.^

The bucket shovel had a capacity of about 0*75 cubic yard, and excavated
800 cubic yards in a day of twenty hom's. The ground could be cleared to

a depth of 10 feet by this plant. The gravel was emptied into a hopper and
sluiced thence to a trommel from which it passed to sluice boxes. The
value of the gravel was $1*50 per cubic yard and the working costs were
13 cents per cubic yard.

^ E. Haanel, Eng. and Mng, J., April 11, 1903, p. 559.
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CHAPTEE VI.

DEEP PLACER DEPOSITS.

Nature and Mode of Origin of Deposits.—^Botli in Australia and California,

besides the superficial placer deposits situated in or near tbe existing rivers,

wbicb. in the deep canons of the Klamath and other rivers in the extreme
north of California attain a thickness of 250 feet, there exist auriferous gravels

which bear no apparent relation to the present drainage of the country.

These gravels often attain enormous thicknesses, and are in many places

covered by volcanic rocks, consisting of basaltic lavas and tuffs, which are

sometimes interbedded with gravel and loam. This latter circxmistance

shows that intermittent action of the volcanic vents, with long intervals

of repose, has taken place. There has been some difficulty in accounting
for the origin of these deep placers, and it has been ascribed in succession

to the agency of the sea, of ice, and (for Cahfornia) of a huge river flowing

from north to south at right angles to the direction of flow of the existing

rivers. None of these views is now entertained, and the “ fluviatile
”

theory is generally accepted, the origin of the gravel being ascribed to the

depositions of ancient rivers flowing in courses roughly parallel to those

of existing rivers. The geological age of these ancient rivers has not yet

been determined with certainty, but though they may be Pleistocene, the

balance of palaeontological evidence is perhaps in favour of Whitney’s view

that the deposits were formed in the Pliocene period.

The ancient Californian rivers probably had their sources at somewhat
higher altitudes than those now existing, and had more uniform general

grades, the slope of their beds corresponding more nearly to the general

slope of the country. The existing rivers, on the other hand, have steep

grades in the upper parts of their courses, followed by comparatively level

stretches below. The old rivers, however, like their successors, had rapids,

falls, and level stretches, the grade varying from 5 feet to 250 feet or more
per mile. The Pliocene rivers ran in valleys which were broad and shallow

in comparison with the present deep precipitous canons, and the volume
of water was in general much greater than that delivered by their representa-

tives of to-day. The width of the valleys varied from 100 feet to fully 1| miles

(which is the width at Columbia Hill), and the depth must have been often

over 1,000 feet. These valleys were already partly filled up by accumulations

of gravel, when the outbreak of volcanic activity in many cases filled up the

remainder, and the streams were deflected into other channels, which often

lie close alongside the old canons. These new channels have been excavated

by the running water until they now lie much below the level of the beds

of the Pliocene rivers, and consequently the gravels which were deposited

in the old valleys now sometimes crown the highest ground in the district,

the general level of the country having been greatly reduced in height. The
new channels have been cut partly in the old country rook and partly in the
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Pliocene auriferous gravels and their covering of volcanic rocks. Some-

times the course of the present canons cuts that of the old at several points

owing to the sinuosity of both (see Fig. 46), in which A represents the modern

river, and B the ancient one. The result is that sections of the old valley

from bed-rock to surface are exposed in the sides of the canons, usually

at some height above the present level of the water, and it was at such points

as these that the discovery of the existence of the deep placers was jfirst

made. The hard covering of basalt has served to protect the more friable

gravels, which have been for the most part removed in those places where

Eig. 46.—Intersection of Ancient and Modem Canons.

the lava has been worn away or has never existed, so that the largest tracks

of gravels still existent lie beneath the volcanic rocks.

Fig. 47 represents a section across two ancient channels (B, B) and a

modern canon, that of the American river. Here, A is the volcanic capping’,

which is 800 feet thick above the Bed Point channel
;
B, B are the auriferous

gravel channels
; C, C are deposits of gravel on the “ rims,” containing

gold in places
; D is the bed-rock, consisting of dark-blue slates

;
E is a barren

deposit of angular debris and boulders
;
F F are prospecting tunnels, which

were put in at too high an altitude
; F' is the tunnel bored with the object

Fig. 47.—Section across Ancient and existing Canons, California.

of reaching the bottom of the gravel deposit
; H are prospecting winzes

sunk in order to discover the position of the gravel. The space included
within the dotted lines' N M Y M' N' has been obviously denuded since the
deposition of the volcanic cappings, the soft slate rims NMR and N'M'
having been worn away, while the hard lava has resisted erosion. The
vertical depth from M to the American river is about 1,800 or 2,000 feet.

This condition of things is that prevailing in California, but in Victoria

the structure closely resembles that just described, with the exceptions that
the old valleys were smaller and that the erosive action of the rivers since
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tiie deposition of the basalt has been comparatively slight, owing to the
slight grades of the streams caused by the low elevation of the country and
to the small amount of the rainfall. In consequence of this the basalt has
usually not been worn through, and the deep leads ” or old river bottoms
ure often below the level of the present streams, so that although a larger

proportion of the Pliocene gi^avel remains, it is more difficult and expensive
to mine.

The shallow placers, at any rate in California, have resulted in the main
from the erosion of these deep placers, the materials of which, having under-
gone a natural concentration in the ground sluices afforded by the river

beds, furnished the wonderfully rich river-beds and bar deposits, which
yielded so much gold, between 1848 and 1860. The deep level gi-avels consist

in slaty districts chiefly of quaitzose sand, the fine materials furnished by
the disintegration of the slate having been for the most part swept away,
and the products of the quartz veins contained in the slate being left. These
are the only gravels which pay for treatment. In granite districts, where
the gravels are composed of more heterogeneous materials, and in cases

wffiere they consist of volcanic boulders and detritus, little or no gold is

found. The lower parts of the gravels are often cemented into a conglomerate,

•called ‘‘cement,” by infiltration of silica, oxides or sulphides of iron, or,

rarely, carbonate of lime
; when the gravels are covered with lava, the

whole thickness is in some cases converted into cement.
Distribution of Gold in the Gravels.—The gold is found chiefly either

in contact with or just above bed-rock. If this consists of soft slate, and
especially if the planes of cleavage are at a high angle to the horizon, particles

of gold are often found in the natural riffles thus formed, and are dissemi-

nated through the rock to the depth of a foot or tw^o. If depressions, pot-

holes, or fissures exist in the old river bottom, they are usually very rich

in gold. Where, as often happens, there is a channel, or “ gutter,” to adopt

the Australian expression, cut by the stream in the lowest part of the valley,

the gravel filling it is usually much richer than that found elsewhere. Such

rich portions, often only a few feet wide, and of insignificant depth, but

extending to considerable distances in the direction of the stream, are called

“ leads.” Rich streaks also occmr at various levels in the gravels, often

resting on “ false-bottoms,” which consist of impermeable beds of clay or

some similar material. Sometimes these streaks are richer than those

encountered at bed-rock, as, for example, at the Paragon Mine, Placer

•County, California.

The amount and position of the gold vary, as in the case of the present

rivers, with the grade, the shape of the valley, the volume of water, the

amount of gravel being carried down, etc. “ x4.n underloaded current

—

i.e., a current charged with less detritus than it is well able to carry—is

apt to cufc its bed, and prevent the accumulation of gravel. A greatly over-

loaded current will deposit too rapidly to admit of the concentration of the

gold dust.” ^ Under conditions intermediate between these extreme states,

the current may be just strong enough to keep its bed clear from all accumu-

lations except a small quantity of coarse gravel and the coarse gold, which

is caught in the natural riffles, and thus all the conditions necessary to

form a rich bed of pay-dirt may be present. If, how’^ever, the bed consists

of granite 'or other rock which wears in smooth and rounded shapes, little

^Boss E, Browne, Tenth Report Cal. State Mmer'alogist, 1890, p. 448.
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gold will fee caught. Slates, consisting of layers of uneven hardness, wear

irregularly, and afiord a good gold catching surface. The conditions noted

afeove as necessary to form rich gravels cannot fee expected to have been

prevalent over great distances. “ An increase of grade or narrowing of the

channel will cause an increase of velocity, and the same stream may be

underloaded in a narrow steep section, and overloaded in a broad flat section.”^

The difierence of velocity between the middle and sides of a stream, and
between the inside and outside of a bend, may give the right conditions in

one part of a river bed and not in another. Thus with high grades, rich gravels

should occur in the less rapid, and with low grades, in the more rapid parts,

of a stream. Having regard to such considerations, the richer parts of

existing rivers can be pointed out with little trouble. When, as in the Pliocene

rivers, the beds are buried to a depth of hundreds of feet, the richer parts,

are more difficult to find.

The history of the Pliocene rivers began with a period when excavation

exceeded deposition, when the rivers were underloaded for at least a portion

of each year, and the channel was constantly being deepened. Some bench

or terrace gravels were formed at this time, and being at the sides of an
underloaded river tended to be rich. The river bed, although rocky and
comparatively free from sand, would perhaps accumulate some coarse gold,

which, as the channel deepened, was no doubt in part ground up into fine

particles and carried off, but at the time when the excavation had reached

its lowest point, some of this coarse gold would certainly be present. When
the underloading of the stream ceased, whatever caused the cessation, a

pause must in many cases have occurred before the gravel proved too much
for the stream to carry. During this pause the conditions for gold catching

were favourable, and hence rich gravels were formed on bed-rock in the
gutters or channels. Then, as the streams became overloaded, sand and
gravel accumulated rapidly, so that little concentration of the gold in them
could take 'place. The rivers flowed over thick sand banks and, in conse-

quence, frequently changed their courses. The sands, being deposited by
overloaded rivers, of course, contained fewer and smaller boulders, and the

thick masses of poor sand thus went on accumulating until the volcanic

outbursts put an end to the process.

Materials occurring in the Placer Deposits.—-In California, if quartz,

grains and silicifled wood are excepted, the most abundant mineral is black
iron-sand, which usually consists of magnetite, although menaccanite, a

form of haematite in which part of the iron is replaced by titanium, also occurs.

These minerals must have been derived from the lavas, as neither of them
are known to occur in the quartz veins of the country. Platinum and its-

allies are'usually present in more or less abundance
;
thus iridosmine occurred

to the extent of 1 in 100,000 of the gold in the early days, and increased
afterwards to 15 or 16 times that proportion. It is still abundant in the
beach sands of Northern California. Grains of native copper, nickel, and
perhaps lead have also been detected, and a few diamonds occur, while-

garnets, small crystals of zircon and cinnabar are very abundant.

Methods oe Tkeatino Deep Placer Gravels.

Both in California and Australia, when the first gold discoveries were
made, the river beds and bars were at once explored, and soon afterwards
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tlie flats closely adioining tiiem. Subsequently, tbe bench gravels situated
in the same valleys, and tbe side ravines and gulches, which remained dry
during most of the year, were prospected and worked, owing to the rapid
growth of the mining population and to the fact that the exhaustion of the
shallow placers was aheady beginning to make itself felt. The result was
that the exposed edges of the outcrop of some of the deep leads were found,
and the pay-dirt followed into the hill-side by drifting. Then, as in many
cases it was found that the gravels overlying the pay-dirt on hill-sides,

although poor by comparison with the earth below them, nevertheless con-

tained a small quantity of gold, the idea was evolved of breaking down the
whole bank by jets of water, and passing all the material through the sluices.

Hence arose the practices of drift and hydraulic mining,^ of virich the former
is largely used in California, while the latter was much used in California

prior to 1884 and in New Zealand and throughout the Western States of

America, but cannot be applied in Australia or Siberia owing to the general

flatness of the country. In Siberia, only shallow placer deposits are worked.

In Australia, the deep leads are usually reached by shafts, since the surface

of the country is not intersected by deep canons, as in Western America.

Drift ^ and shaft mining of deep leads will not be further refeiTed to in this

volume, attention being confined to the treatment of the gravel after it has

been raised to the smlace. In hydraulic mining, the breaking down of the

gravel is so intimately connected with the extraction of the gold that a short

description of the whole process is given.

Hydraulic Mining.—This method of working consists, as has been already

stated, in breaking down banks of gravel by the impact of powerful jets

of water, and passing the disintegrated material through a line of sluices,

without the agency of hand labour. The chief requisites for the successful

application of hydraulic mining are

—

1. Large quantities of auriferous gravel, not less than 30 feet in thickness,

and not overlaid by any appreciable thickness of barren material, which

would necessarily be passed through the sluices with the pay-dirt. The
gravel treated need not be rich, a mean yield of less than 1 grain of gold

per cubic yard being often enough to furnish profits if the operations are on

a sufficiently large scale.

2. A plentiful and uninterrupted supply of water throughout considerable

portions of the year

3. Sufficient fall in the ground so that (a) the water may be delivered

under the pressure of a head of from 100 to 300 feet, (b) the tailings can be

easily carried away to a large dumping ground, which is most conveniently,

either the sea or a large and rapid river.

Commenceimnt of Oferations .—In California, the naturally occmTing

banks or cliffs in the gravels in the sides of the gulches were first selected

for attack. Later, some of the deposits occurring in those channels which

are not intersected at favourable points by the present system of dramage

were operated on. It is necessary in such cases to run a tunnel from the

nearest canon in the bed-rock to the lowest point in the gravel, this point

1 The invention of hydraulic mining is ascribed to Edward Mattison, of Sterling, Con-

necticut, who used the method in 1852 on a small scale. For all details in connection with

the industry, see Hydraulic Mining in California, by A. J. Bowie, New York, 1885. This

has been largely used in drawing up the summary which follows.

2 A detailed description of Drift Mining is given by Russell L. Dunn in Eighth Repor

Cal. State Mineralogist, 1888, p. 736,
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being found or guessed at by prospecting operations. Tbe tunnels are ofterr

of great length, that at tlie North. Bloomfield Mine, Nevada Co., Cal, for

example, being 7,874 feet or 1-| miles long. One or more shafts are then

sunk from tbe'surface through the gravel to the tunnel, and washing opera-

tions are begun by ground-sluicing, letting the water and gravel fall down
the shaft and run through the tunnel, in which the sluices are sometimes

laid. The smiace near the shaft is thus gradually lowered, or it may be

terraced by hand labour*, until an excavation is made of sufficient size to

enable the ground to be attacked with the hose. Washing then proceeds

regularly in this manner, the bank being broken down by jets of water, and
the products being allowed to fall down the shaft and pass through the

tunnel.

The Bu'p'-ply of Water .—The amount of winter required by large under-

takings is far more than can be obtained from the rainfall on the hills immedi-

ately round the mine. Thus the North Bloomfield Mine, in the season of

1877-8, used between sixty and seventy millions of gallons per day, or enough

for the total supply of a city of three million inhabitants. The ^vorkings,.

moreover, must necessarily be considerably above the level of any large

rivers in the neighboui'hood, so that it is often necessary to construct huge
reservoirs at convenient spots to store up the rainfall and melted snows of

large districts, and to convey the water thence to the mine by ditches, flumes,

or pipes. Wooden flumes are cheaper than ditches, but are more liable to-

be damaged. Sheet-iron pipes are made as much as 30 inches in diameter

^

and are cheap, diuable, and easily repaired
;
they entirely prevent losses

by leakage and evaporation, and deliver more water under similar circum-

stances than flumes, as they offer less fractional resistance to the flow.

Where it is necessary to cross side canons or gulches the flume or iron

pipe is carried over on a light trestle bridge, or the water is passed through

an inverted siphon formed by a wrought-iron pipe which passes down one

side of the valley and up the other, being filled from a head-box or reservoir,

and delivering the water at a lower level on the other side. At Cherokee,

Butte County, an inverted siphon pipe was. used to carry the water across a

ravine 873 feet deep. The diameter of the pipe was from 30 to 34 inches, and
its greatest thickness (where there is a pressure of 384 lbs. per square inch),

was 0*375 inch.^ The Miocene Ditch Company, operating in the same County,
carried their flume, 4 feet wide and 3 feet deep, round the face of a bluff

350 feet high, supported on L-shaped iron brackets made of bent T rails,

soldered into holes previously drilled by men let down the face of the cliff

by ropes.

The water is delivered at a convenient height above the workings intO'

a ‘‘ pressure-box,” consisting of a small wooden reservoir from which the
pipes take their origin. In many' cases the reservoirs and ditches are owned
by separate companies, or, as in New^ Zealand, by Government, and the
water is sold to the miners by measure. * The unit in New Zealand is a
“government head,” and in the United States a “ miner’s incli,” following

the system in vogue in Spain and Italy. The a.mount of water that will

flow through an orifice 1 inch square, cut in a board ]. inch thick, under
a head of water that varies with the custom of the locality, but is usually
from 4 to 8 inches, is called a miner’s inch. The amount of flow in twenty-
four hours is called a “twenty-four-hour inch,” and similarly there are-

^ J. H. Hammond, Ninth Report Cal. State Mineraloyid, 1889, p. 125.
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ten-liour and twelve-liour inclies. The quantity of water in a miner’s inch
varies with the head of water used and the form and size of the orifice for

delivery. Thus the amount delivered from an orifice 25 inches long and
2 inches wide is reckoned as 50 inches, although it will be more than fifty

times as much as the delivery from an orifice 1 inch square. The twenty-
four-hour inch under a head of 7 inches amounts to about 2,230 cubic feet.^"

The water is conveyed from the pressure-box by pipes, which w^ere for-

merly made of canvas hose, to which iron rings 3 inches apart were added
for pressures of over 100-feet head. They are now- made of sheet iron or steel.

Sharp bends in them are avoided, as the flow of water is checked thereby.

They are liable to collapse if the level of the water in them is reduced, and
a partial vacuum formed inside

;
hence, as in the case of all other sheet-iron

pipes used in hydraulic mining, they are fitted with valves, which are con-

structed so as to freely admit air from without. The w’ater is discharged

through a nozzle called a “giant” or “monitor” (Fig. 48). The nozzle

was at first a sheet-iron tube, having an aperture 1 inch in diameter, and was
held in the hand. The size of the nozzle w^as gradually increased, until it

reached a diameter of 11 inches. Such a stream, under a head of 200 feet,

requires special appliances to control it, deflect it at will, and prevent the

nozzle from “ bucking.”

Breaking Dovm- the Bank,—^When the jet is first dhected against the banlv,

the water spatters in ail directions, then buries itseK a httle, and after a time,

in loose ground, a “ cave ” takes place, the undermined bank falling down.

By the method of undermining, the power of the giant is much increased,

especially where hard and soft layers alternate. l^Oien large caves are about

to take place the water is turned ofl, as otherwise the gTOiind may run so far

as to overwhelm the monitor and the workman directing it. The nozzle is

placed as near to the bank as possible, consistent with the safety of the workers,

so as not to waste too much of the initial velocity of the stream of water.

Consequently, lofty banks are not advantageous, and if they exceed 200 feet

they are usually worked in terraces of 100 feet or so in height. In some parts

of the Spring Valley Mine, however (see Fig. 49), a bank 450 feet high

was worked in a single bench, and it was then not unusual for the runs of

ground to bury pipes which were throwing 7-inch streams from a distance

of 400 feet from the fall of the bank.

^ For furttier details concerning miner’s incli vide Art. by P. M. Randall in Preeiovs

Metals in the United States, 1884, pp. 558-572.
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The jet is, if possible, delivered xmbroken against the face of the bank,

as its disintegrating power is thus kept at its maximum. However, in some

cases, where it is cemented, the gravel is too hard to be economically broken
down by the water alone, and blasting is then resorted to, a drift being run
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into the bank, and cross-cuts made at tke end in whicli the x^owder is placed
;

tbe drift is then filled up, and the charge exploded by electricity. It is more
economical to blow out the base of the bank, as the upper part then falls

by its own weight and can be broken up by the water. Sometimes arrange-
ments are made to explode very large blasts

;
thus, at the Blue Point Mine,

Nevada County, a charge of 50,000 lbs. of powder was exploded in cross

'drifts at the end of a main drift 325 feet long in the year 1870, and 80,000
cubic yards of gravel were brought down, while at another mine, 3,500 lbs.

of dynamite were exploded in 1872, and 200,000 cubic, yards of gravel thrown
down.

Washing the Gravel in the Sluices .
—^The sluices in which the gold is caught

•are constructed on exactly the same principles as those aheady described,

but are larger and, though usually made of wood, are of more massive con-

.struction, in accordance with the gTeat quantities of gravel to be handled
u-nd the continuous nature of the work. The sluices are commonly called
‘‘ flumes,” but it is better to restrict the use of this word to a conduit for

carrying water only. The sluice boxes used in hydraulic mining, though,

as usual, only 12 feet long, are as much as from 3 to 6 feet wide and from
2 to 3 feet deep

;
they are lined with heavy planks on the sides, and the pave-

ments are made of more durable materials than is usual in shallow placer

sluicing, wooden blocks, rocks, or T railroad iron being most usually employed.

'The wooden blocks are from 12 to 30 inches square, and from 8 to 13 inches

deep. They are usually made of one of the softer varieties of pine which
“ broom up ” under fiiction, and thus present a better catching surface.

The blocks are cut across the grain of the wood, and are set side by side

across the sluice, each row separated from the next by strips of wmod to which
they are nailed, while they are also kept in position by the side lining which
is placed upon them. The interstices in the block pavement act as gold

catchers, and are filled with small stones, or, with less advantage, allowed

to fill up with gravel when washing begins. On account of the rapid wearing

away of the wood, much of the gold and amalgam caught is scooped out

and carried ofi again. Wooden block riffles last only a few weeks when in

heavy work, but are easy to take up and put down again in cleaning up
;

they are discarded when worn so as to be oiily 4 to 6 inches thick.

Rock pavements are made of those boulders which are most easily obtained

in the particular district. Basalt is generally used, oval stones of 15 or 18

inches lojig and from 9 to 12 inches thick being selected and placed on end,

with a slight slant in the direction in which the current flows. They are

held in place by wooden planks, which divide the sluice into compartments,

so that if one stone works loose the pavement as a whole is not afiected.

The interstices as before are filled with gravel. Rock pavements are very

durable, lasting from three to six months, but require more grade to the sluice,

and occasion loss of time in cleaning-up and repaving the sluices. Conse-

quently, they are never used near the head of a sluice, where cleaning-up

is a frequent operation, but are often used for the low^er parts of sluices,

where they sometimes alternate wuth block riffles, and are especially

suited for tail-sluices which are only cleaned-up once a year. Rock pavements

-cost less than other forms of riffles.

Iron riffles, which usually consist of T-iron rails, are placed longitudinally

in the sluice, closely packed side by side. They present a large amount of

space available for catching the gold and amalgam, last well, present little

resistance to the current (so that the grade may be low while the duty of the
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water remains liigL), and are easily taken np and put down.
^

They are,

therefore, generally used at the head of the sluices. Though their first cost

is higher than that of wooden blocks, they are more economical in the end,

owing to the saving of time in cleaning-up and to their longer life. Egleston ^

instances the results of experiments made at the Morning Star Claim, Cali-

fornia, where three sections of sluice, each 95 feet long, were laid at a distance

of 300 feet from the face of the bank w’-hich was being worked. The first

section was as usual laid with wooden blocks, the second with old rails,

and the third with rocks. When the clean-up was made the middle section

gave 9 ozs. more of gold bullion than both the others combined. If old rails

cannot be had, strips of wood bound with iron are used, but are less durable

and satisfactory.

At the Blue Spur Consolidated Gold Company’s plant, Gabriel’s Gully,

New Zealand,^ where the sluice is necessarily very short, most of the stones

are first separated from the gravel, and the finer material is then passed

over a sluice paved with transverse angle-iron riffles, placed with the hollow

side facing down stream (Fig. 50, in which the arrow shows the direction

of the stream) ;
these iron riffles are placed 2 or 3 inches apart. Below the

section containing these riffles, there is a false bottom to the sluice, formed

by an iron plate perforated with small round holes through which some
of the water and the finest particles of the gravel fall on to cocoa-nut fibre

Fig. 50.- -Angle-iron Riffles in Sluice.

Scale =

matting, laid on the true bottom of the sluice. Here the fine gold is caught,

the principle being similar to that used in undercurrents.

The sluice is often divided into two by a median longitudinal partition,

so that one side may be at work while the other is being cleaned-up or repaired,

both sides being sometimes worked when water is very plentiful. There are
usually unpaved rock-cuts above the sluice, leading to it from the places
undergoing the process of piping. These rock-cuts are rarely supplied with
mercury, and very little gold is usually caught there.

The length of the sluice, if capital is not lacking, depends on the cost
of construction and of the maintenance, as compared with the value of the
gold saved owing to the increased length of the system. The length may be
diminished by a plentiful use of drops, giazdies and undercurrents, all of

which are described above under the head of shallow placer sluicing
;
they

are made of proportionately large size in hydraulic mining. Coarse gold
is, of course, soon caught, but fine gold may successfully evade all the riffles

of a long sluice. The Spring Valley Mine had three parallel lines of sluices,

each 2-|- miles in length, and ifc was estimated that 95 per cent, of the gold

^ Egleston, Gold, >^ilver and Mercury in the United States, 1890, 2, 218.
2 Eeport of the Mining Commissioner of New Zealand, 1891.
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contents of the gravel was cauglit.^ This length is iinusiial, the average
not exceeding about 1,000 feet.

Grade of the Sluices .
—^The grade depends on the available iall of the

ground and on the character of the material to be washed. The miniinmn
is from 2 to 4 inches per box, such low grades being sometimes enforced by
the nature of the ground, sometimes adopted from choice if the gravel is

light, the gold fine, and water plentiful. With these low grades, however,
disintegration is slow and incomplete : stones, unless they are small, cannot
be sluiced

;
large ones block the sluices, and must be removed by hand,

and the “ duty ’’ of the water, as regards sand, is greatly decreased. The
6-inch grade is that most generally used, but as much as 12 inches per box,

or even more is required when w^ater is scarce or the gravel coarse. Steep
grades effect disintegration rapidly, thus shortening the length of the sluice,

and enable all but the largest rocks to be sluiced, but less gold is then caught
and a more plentiful use of undercurrents is necessary. It is considered

necessary to have a sufficient depth of water to cover the largest boulders

to be sluiced, but the deeper the w^ater, the more difficult it is to save gold.

Where poor or top gravel is being “ piped,” it is worked oh as rapidly as

possible, and wuth little regard to the percentage of gold saved.

The duty ” of the miner’s inch—that is, the quantity olmaterial w^ashed

down by an inch of water in twenty-four hours—varies wdth the grade and
other conditions. It varies from about 1 to 5 or more cubic yards of gravel

per inch.

The Use of Mercury .—^Mercury is added daily during the run in gradually

lessening quantities, the object being to keep the mercuiy uncovered and
clean at the top of the riffles. The feeding is regulated by the appearance

of the amalgam in the sluice, the additions being made in the riffles near

the head-box and in. the undercurrents. The loss of mercuiy is usuall}'

from 5 to 10 per cent, of the amount used per run. When cemented gravels

are being treated, owing to the extra amount of tritm’ation required, the loss

may be as high as 30 per cent. These losses are the more serious, for the

reason that amalgam is more easily lost than pure mercuiy, so that a hea\y
loss of mercury denotes a heavy loss of gold.

Cleaning-TJf.—The process does not difier from that described under

the heading of shallow placer mining. It is advisable not to defer the clean-

up too long, as losses of amalgam are caused by the w^earing of the riffles.

Usually from 50 to 95 per cent, of the total yield of amalgam is caught in

the first twenty or thirty boxes, which are cleaned-up frequently. The
following table ^ shows the percentage yield of the various sections of the

sluices, etc., at the North Bloomfield Mine, California, for the year 1877-8 :

—

Total yield, $311,276.20.
’

Near bank, from rock cuts in mine (all in gold dust, no
quicksilver being added in the rock cuts), . . 4-57 per cent.

Sluice in tunnel (1,800 feet), . . . . . . 86*26 „
Tunnel below sluice (6,000 feet), .... . 4*50 „
Cut below tunnel (200 feet), ..... . 0*81 „
Tail sluices (300 feet), ...... • 1-21 „
Erom seven undercurrents, ..... . 2*65 „

100*00 „

^ Hammond, Ninth Rer>ovt Cal. State Min., 1889, p. 129.

2 Hammond, ibid., p. 131.
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The first undercxuTent caught five times as much as the sixth, and nearly

three times as much as the seventh, which was of double size. The yield

•of the seventh ($947) induced the Company to add another undercurrent.

This mine afiords an example of the difficulty of catching fine gold. The gold

loss was unknown, but was beheved not to exceed 5 per cent, of the contents

of the gravel.

The bullion obtained by retorting the amalgam from the sluices is finer

than that from quart.z mills, and is sometimes 990 fine in Australia, although

California placer gold is often as low as 850 fine. The remainder is mainly

silver, but copper, lead, iron, and some of the minerals oxi^tinsf in the gravel

also occm’. The amalgam from the head of the sluices yields lijic-r gold than

that caught lower down and in the undercurrents.

Tailing ,—The tail-sluices usually terminate on the side of a canon,

in a river, or in the sea. The enormous amount of loose sand and gravel,

delivered from the hydraulic mines of Placer County, California, and the

neighbouiing counties into the Yuba and Feather rivers prior to 1880, filled

up their beds to such an extent that in rainy weather disastrous floods ensued,

and much valuable agricultural land was buried beneath sterile drift deposits

and rendered worthless. The farmers thereupon took action against the

Mining Companies and obtained a perpetual injunction forbidding them to

discharge their tailings into these rivers. The result has been to stop hydraulic

mining in these districts, and the efiorts to work the deep leads more exten-

sively by drifting, or on the other hand, to impound the tailings by dams
made of brushwood, or to return them to their original position, have not

resulted in unqualified success. Consequently the gold winning industry

has not been maintained on the extensive scale it had assumed prior to the

action of the courts.

Treatment of Cement Gravel.—^In many cases the gravel from deep leads

won by drift or shaft mining is cemented by iron oxides or clay into a con-

glomerate which is too tough to be easily disintegrated in the sluices. It is

then passed through “ cement mills,” which closely resemble the stamp
battery to be described in the next chapter, the chief differences to be noted
being in the facilities for delivery. Double discharge mortars are used, and
the screens are very coarse, the mesh being usually about inch, but varying

up to I inch in diameter. One battery of ten stamps, each weighing 950 lbs.,

making 94 drops of 9 inches in height per minute, will crush about 40 or

50 tons of gravel in ten hours so that it will pass through a -£|j'-inch mesh
screen. Mercury is put into the mortar, and most of the gold is usually

caught there on amalgamated copper plates, but copper plates outside the
mortar are also used as in quartz-milling, and rubbers are employed to
brighten the gold. If well-arranged plates are laid down, the number of

sluice boxes which can be added with advantage is very small, a length of

from 50 to 300 feet being used, the former limit being most common. No
attempt is made to save the auriferous magnetic sands and sulphides which
these conglomerates usually contain.

In the case of the Morning Star Cement Gravel Mine, Placer County,
California, quoted by R. H. Richards,^ the weight of the stamps was 850 lbs.,

the height of drop 6 to 8 inches, the number of drops per minute 95 to 100,

^Rictards, Ore Dressing, p. 211. Can. Mng. Rev., 1896, I5» 255 ; article by
J. B. Hobson, on “ Cost of Milling in Cement Gravel Mines.”
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tlie size of screen holes ^ incli (round), and the capacity per stamp per
twenty-four houi*s 12 tons.

In cases where cement mills are not required, the gravel is washed in

sluices which difier little from those already described. The boxes are not

more than from 18 to 24 inches wide and deep, and the series is seldom

more than 300 or 400 feet long. Iron riffles are most in favour. Where the

amount of gravel to be washed is small, or the water is scarce, the gravel

is allowed to accumulate for some time and the water stored in a tank or

reservoir. It is in some cases a great advantage to keep compacted gravels,

exposed to the air during a few months before

washing them, as they slack ’’ and disinte-

grate under the influence of the weather, and
subsequently are more easily treated, while for

a similar reason, tailing is sometimes im-

pounded, and re-washed after some time has

elapsed. The disintegration of cemented
material, which has been “ slacked ” by ex-

posure to the weather, is usually completed in

a cement-'pan. This is a cast-iron pan with

perforated bottom, and with a gate in the side

for the removal of boulders, which are mostly

barren and are separated from the auriferous

material by this system, instead of being

crushed and mixed with it, as is the case when
stamp-mills are used. In the pan, four revolv-

ing arms, fmmished with plough-shares, break

up the gravel, which is carried through the

apertures in the bottom by a stream of water,

and falls into the sluice. A pan of 5 feet in

diameter and 2 feet in depth will treat from ®

40 to 120 tons per day, according to the nature

of the gravel.

The Hydraulic Elevator.—In this machine a

jet of water under high pressure forces water,

gravel, and boulders up an inclined plane, and
delivers them all at the head of the sluice,

which may be as much as 100 feet above bed-

rock. The diherences in construction between
the machines made in Austraha, New Zealand,

and the United States are only matters of

detail. They consist essentially of an up-

raise pipe, usually of wrought iron, having 51.—Hydraulic Elevator,

a diameter of from 12 to 24 inches, which
terminates below in an open conical funnel

;
a hydraulic nozzle^

delivering water under the pressure given by a head of from 100

to 500 feet, projects into this funnel, and sand and gravel can also-

enter round the sides or through a special orifice. The inclination of

the upraise pipe is usually from 45° to 65°. The top of the upraise pipe

is turned over and terminates above a sluice, into which the gravel faUs-

and is washed in the ordinary way. The Evans elevator made by the Eisdon
Iron Works, San Francisco, is shown in Fig. 51. A is the orifice through

which the water for the jet is forced, B the main suction opening, and C and
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D two auxiliary suction openings, whicli can be connected with pipes of any

length and serve for raising water or fine material. The upraise pipe is now
generally made with hea\y steel plate, and the elevator itself of cast steel,

instead of cast iron, the weight being much reduced in this way. The pipe

is greatly contracted at the throat or lower end of the elevator, into which

the nozzle discharges. The nozzle and the throat are sunk in a sump excavated

in the bed-rock, and the gravel is washed down by any means (usually by a

jet from an ordinary hydraulic nozzle) into this sump. The entrance to the

upraise pipe is protected by a coarse grating, which prevents large stones,

pieces of wood, etc., from entering it. The force of water is enough to com-

plete the disintegration of the gravel during its passage through the upraise

pipe, so that a short sluice is,enough to effect the washing proper. If the

‘excavation is carefully arranged, it may be kept funnel-shaped, so that the

elevator, once placed in a sump, may be worked there permanently without

being moved. "When the pit is large enough, the washing may be done

inside ifc, only the tailing being raised to the surface by the hydraulic elevator.

The head of water required varies according to the vertical height through

which the gravel must be raised ; a head of about 60 feet is required for

every 10 feet of vertical upraise.

Wherever the necessary head of water is available, the hydraulic elevator

is now recognised as a good method of working flat placers, river-bars, etc.,

or any deposits which are either below the water level of the district, or which

have not sufficient fall for the disposal of the tailings by gravity. It is in

wide use in California and New Zealand. The following instances of work

in both countries may be given :—^At the Blue Spar Consolidated Gold

Mining Company, Gabriel’s Gully, New Zealand,^ tailing which has accumu-

lated close to the sea on the foreshore, is sluiced in this manner. The

vertical upraise is 60 feet, the angle of inclination of the upraise pipe being

63-5°
;
about 480 tons of gravel are raised per shift, the head of water used

being 400 feet, while the amount of water used in each elevator is seventeen

government heads. The sluice is short, and has an inclination of only 3|
inches in 12 feet

; the upper parts are fitted with transverse, patent r*-

shaped, angle iron riffles, in which the angle faces up stream (see Fig. 50).

The lower parts of the sluice have a false bottom of wrought-iron plates,

perforated with round holes
;
beneath these plates is the true bottom of the

sluice, covered with cocoanut matting in which fine gold is caught. The

tailing is discharged into the sea.

At Quartz Valley, Siskiyou County, California,^ on hard ground, where

the elevator was first used, it took forty-three days to work out a piece of

ground 300 feet by 250 feet, which was of an average depth of 18 feet. The
bank was washed down with 600 miner’s inches of water, and went to the

elevator through a 30-inch bed-rock flume, which had a grade of 5 inches

in 12 feet. The water and gravel were raised through a 20-inch elevator

pipe without any contraction at the throat. It was set at an angle of 40°,

-and the pipe was 42 feet long, the vertical upraise being thus 28 feet. The
force used was 1,000 inches of water with a head of 230 feet, delivered through

a 6-inch nozzle, and the gravel was emptied into a sluice 6 feet by 3 feet,

with a grade of IJ inches in 12 feet. When 3,500 inches of water were

running in this sluice, they could not carry off ail the gravel raised by the

^ I^eiv Zealand Mining Commissioners' Report^ 1891, p. (35.

2 EglestoB, Silver, Gold and Mercury in the United States, 1890, voi. ii., p. 307.
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elevator. Tlie work was done without any delay from stoppage of the machine
and there w'ere no repairs, the wear of the elevator being very little.

In the Ruble hydraulic elevator, the fine gravel is separated from the
coarse rock and boulders by means of a grizzly, while in transit up the elevator.
The sluices operate on fine material only, and so gold-saving is facilitated.^

The use of the hydraulic elevator in Alaska is described by T. A. Rickard.-
On the Discovery Creek, an elevator was raising gi'avel through 28 feet
vertically, the angle being 80°. The head of water used was 940 feet and the
nozzle inches in diameter, 427 cubic feet of water being used per minute.
The elevator was fed by a monitor, which washed gravel into a ground
sluice where some gold was caught.

Cost of Placer Working.—In work on shallow placer deposits by indi-

viduals the results difier greatly, both according to the strength and skill

of the worker and to the contents of the gravel. Under the best conditions
of climate a strong, well-nourished, American digger may be able to raise
by the shovel from 10 to 12 cubic yards of gravel per day, and throw it into
a receptacle 3 feet above the ground. Native labour cannot be expected to
efiect so much, and in French Guiana it is reckoned that only about half
a cubic yard of earth per man per day can be shovelled into the sluice. If

the workman must wash the gravel, as well as raise it, much less can be
accomplished. For an active man, it is a fair day’s work to dig and wash
from fifteen to twenty pans of dirt, the amount treated thus not exceeding
about 10 cubic feet. On the other hand, with the cradle, the output may
be from 1J to 2 cubic yards per man in a day, while with the long tom it may

^rise to 3 or 4 cubic yards per man. In the Siberian trough, oi3y from 1 to
'

IJ cubic yards can be treated by one worker per day, but a larger percentage
of the gold is beheved to be saved in this apparatus. The minimum contents
in gold, which will make the gxavel worth treating, depends on the cost of

iabom\ In early times, in California and Australia, when the virgin shallow
deposits were being worked, large sums were often realised by individual

diggers, cases being on record in which 5 ozs. of gold were obtained from
one pan of bed-rock scrapings lying under heaw gravel, and earnings of

several hundred dollars per day were not uncommon. The results obtained
on the Klondike in Canada are still more remarkable. x4.uthenticated in-

stances of 15 ozs. of gold per pan are recorded, and an average of $5 to $7
per pan was obtained on certain claims in 1897.

Concerted work, with the aid of the sluice, is much more efiective
; in

California, gravel containing about 1 pennyweight of gold per cubic yard
is worked at a profit, the dirt being lifted into the sluice by hand-lab oui’,

and the tailings removed by sluicing with water
;

at Ballarat, in Australia,

where the gravel is raised to the surface from underground workings through
a vertical shaft several hundred feet deep, and subsequently washed, 12 grains

of gold per cubic yard of material pay for the treatment, while in Siberia,

as stated below, the cost is even less. In French Guiana, the unhealthiness

of the climate and the cost of supplies render it impossible to work gravel

containing less than about 3 pennyweights of gold per cubic yard.®

In Siberia,^ the distance of the workings from the nearest town, and the

1 J. M‘D. Porter, Trans. Amer. Inst. Mug, Eng., 1900, 40, 561.

^T. A. Rickard, Min. Mag., 1909, I, 139.

^Erdiny, Ency. Ghim., vol. v., L’or, partiii., p. 48.

^Erdmy, ibid., vol. v., L’or, p. 47.
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traditions of tHe industry, require workmen to be hired by the year, or, in

cases where no work is attempted in winter, for the season. The total cost

of treatment of the gravels varies greatly with their geographical position..

On the banks of the Lena, where the season only lasts for five months, it is-

estimated that the gravel must contain 2 zollatnihs of gold per 100 poodSy

or 4|- dwts. per cubic yard
;

but in the neighbourhood of Bkaterineberg,,

the deposits in the bed of the Pechma, a tributary of the Obi, are worked
when they only contain from 8 to 9 grains per cubic yard.

^

The cost of working the perennially frozen placers is much more, but-

Levat gives an instance in which a bed of gravel, 9 feet thick, yielding about

dwts. per yard, and covered by 100 feet of barren material, was worked
at Malamalski in the Trans-Baikal.^

The cost of hydraulic mining depends largely on the magnitude of the

operations. With large quantities of water available at a cheap rate, and!

big banks of soft gravel, the cost has been reduced to from 2 to 3 cents per

cubic yard in California, while the average cost there in 1884 was about-

10 cents, and only in exceptional cases amounted to as much as 50 cents

per cubic yard.

The cost of dredging in California may be put at 2| to 10 cents per cubic

yard of, say, 1-|- tons.

^ Levat, L\)r en Siherie Orientale, vol. i., p. 146.
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CHAPTER YIL

ORE CRUSHING IN THE STAMP BATTERY.

Priimtive Methods of Crushing and Amalgamation.—In all countries, when the

richest alluvial deposits have been worked out or have all been taken posses-

sion of, efforts have been made to extract the gold from the various hard,

auriferous materials met with in veins. The earliest machines used for

the purpose in Egypt were stone slabs, on 'which the gold quartz was
broken by stone-hammers, hard stone rubbing mills with mullers for coarse

crushing, grinding mills or querns from 18 to 20 inches in diameter for fine

grinding, and stone inclined tables, on which the particles of rock were washed
away from the gold. The washing was completed in broad, flat dishes.^

Hollowed-out stone mortars for grinding gold ore have also been found in

Wales, Central America, the Pyrenees, and Transylvania. Diodorus Siculus,

the Greek historian, has given a detailed description of the method of gold-

quartz reduction employed in the mines of Upper Egypt 2,000 years ago.^

The ore was reduced to coarse po'wder in mortars, then finely crushed in

hand-mills resembling the querns or hand flour-mills formerly in general

use, and finally washed. In order to separate the pulp from the uncrushed
lumps, the Egyptians, in common with other races in ancient times, employed
sieves, but in extracting the gold from auriferous sands they used raw hides,

on which the flakes of gold were entangled.® These devices closely resemble

those still in use in many parts of the world. ^

The date of the first use of mercury for amalgamation is unknown, but

it has no doubt been used for this pm-pose for the last 2,000 years. The
earliest mention of quicksilver itself appears to occur in the works of Aristotle,^

who speaks of it as fluid silver, and in those of Theophrastus, about b.c. 300 ;

but Diodorus, in the account just mentioned, does not refer to its use. Only
a few years later, however, Vitruvius,® about B.c. 13, described the manner
in which, by the help of mercury, gold was recovered from cloth in which

it had been interwoven, and in Pliny’s time the separation of gold from its

impurities generally by the same means was well known.*^ It is probable

1 Gowland, “Huxley Mem. Lecture,'’ J. Roy. Anth. Inst., 1912, 42, 256.
“ Diodorus Siculus, 3 , 16. This description is quoted from Agatharcides, a Greek geographer

of the second century B.c. Booth’s translation (London, 1700, p. 89) is given in Hoover’s
Agricola (London, 1912), p. 279, A full translation is also given by B. H. Brough in his

Cantor Lectures on Mine Surveying, J. Soc. Arts, March and April, 1892. See also T. K.
Rose, The Precious Metals, 1909, p. 3.

3 Beckmann, History of Inventions (London, 1846), vol. ii., p. 334-
^ An interesting account of some primitive methods of treating gold quartz employed by

the Chinese is given by Henry Louis in Eng. and Mng. J.
,
Dec. 31, 1892, p. 629, from which

it appears that these methods bear points of resemblance to those of the Egyptians.
® Aristotle, Meteorologica, iv., 8 , 11. Hoover, Translation of Agricola, p. 432.
® Vitruvius, lib. vii., cap. viii. Eor translation, see Hoover, Agricola, p. 297.

’Pliny, Naturalis Histories, lib. xxx., cap. vi., sect. 32. Quoted in full in Percy,
Metallu.rgy. Silver and Gold, p. 559.

10
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tliat this knowledge was never afterwards entirely lost, although, the refer-

ences to it in the Middle Ages are very scanty. For example, Geber,^ in the

thirteenth century, was aware that mercuiy would dissolve considerable quan-

tities of gold and silver, but not earthy materials, and Theophilus, the monk,

^

in the eleventh centmy, carefully described the method of washing the

sands of the Rhine on wooden tables, the final operation consisting in treating

the concentrates with quicksilver for the removal of the gold. The extraction

of silver by mercury on lines precisely similar to those used in the patio

process is described by Biringuccio in his treatise (which was published in

Italian in 1540),® and had apparently been a secret art for some time pre-

viously. For Agricola’s account of the amalgamation of gold ores, see below,

p. 150.

Mercmy was introduced into Mexico as a means of extracting the precious

metals by Bartdome Medina in the year 1557,^ and its use doubtless soon

spread to Peru and the neighbomung countries. When Barba wrote in

1639 there were three amalgamation machines in use in Peru^—viz., the

mortar (used in the Tintin process), the trapiche or Chilian mill, and the

maray. The mortar was hollowed out in a hard stone, the cavity being about

9 inches both in diameter and in depth. The ore was triturated with, water

and mercury in this mortar with the aid of an iron pestle, while a stream

of water, flowdng through, carried away the crushed particles. The slimes

were roughly concentrated, but most of the gold remained in the moitar

with the mercury.

The maray, although equally primitive, was probably of greater capacity :

it makes use of the principle employed in the bucking hammer. About the

year 1825 Miers ® saw it in Chili, where it is probably still in use. It consists

of a flat or slightly concave stone, 3 feet in diameter, on which lies a spherical

boulder of granite about 2 feet in diameter. This is rolled to and fro by two
men seated on the ends of a long, wooden pole, which is firmly fixed to the

boulder. Ore, water, and mercury are ground together in this machine,

and then washed down.
The Chilian mill closely resembles the edge-runner mill of the present

day, which has again come into some prominence for crushing gold ores

and is also used for grinding and mixing mortar. The Peruvian trwpiche

had a similar circular bed of hard stone, but only one stone runner, wdiicli

was driven by mules. The Chilian mill was used to prepare ores for treat-

ment in the arrasira, which w^as not mentioned by Barba, and may perhaps

be regarded as an outcome of the trapiche.

Among other ancient methods of amalgamating ores, the lina and cazo

systems may be mentioned. The tina system, largely used in Chili, at least

as late as the year 1853,’ is a modification of that still at work in the Tyrol

(see Chap. IX,). The old and long-abandoned Norwegian method of treat-

ment, described by Schliiter in 1738,® and formerly practised at Kongsberg,

was also, no doubt, derived from the same source. In Norway and Chili,

how^ever, the working w'as not continuous. Charges of crushed ore w^ere

^ Salmon’s Gebei', cap. xlvii. ^ Theopkili, lib. iii., chap. xlix.
® Biringuccio, Dc la Pirotechnia (Venice, 1540); lib, ix., cap. xi., fol. 142. For trans-

lation. see Percy, Metallurgy, Stiver wnd Gold, p. 560.
^ Georg Agricola, Beruiannm . . . iiherseist von Friedrkh August Schmid, 1806, p. 40.
s Barba, Arte de los metales, lib. iii., cap. xxi.
® Miers, Travels in Chile and La Plata, vol. ii.

, p. 398.
’ Percy, Metallurgy. Silver and Gold, p. 567.
^ Schlilter, Grilndlicher Unterricht ron Hilttc-Wet'ken,p, 211.
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introduced into wooden tubs {tinas) furnislied witk cast-iron bottoms and
stirred up with water and mercury by means of revolving iron agitators,

comparable to tbe mullers of the modern amalgamating pan. At Kongsberg
only 80 to 100 lbs. of ore were treated at one time witk about 40 lbs. of

mercury; but in Ckili a tinci contained from 4 to 6 cwts. of ore and 150 lbs. of

mercmy, or more. After tke agitators had been at work for about four hours
making sixteen revolutions per minute, the mercury was drawn off, squeezed
through calf-skin or canvas bags, and the amalgam removed from the bags
and retorted. The cazo process, introduced in Peru in 1609,^ was similar,

but the bottom of the vessel was of copper and the pulp was boiled. These
processes were used in treating ores rich in silver.

The Krdncke process ^ introduced in 1860 is a modification of the cazo
process. In 1908 a plant was completed to operate on the gold ores of

Hog Mountain, Alabama, by amalgamation with mercury in the presence
of copper sulphate, salt, and iron, in a large 5- by 22-foot tube mill. The
method is similar to those used in the Kroncke and Patio processes. The
gTinding, chemical treatment and amalgamation go on simultaneously.
The pulp was subsequently passed over plates. This method was devised
after treatment of the ore (red oxidised quaitz) by cyanide had been tried

and abandoned.^

The Arrastra was also one of the earliest crushing machines in use in

America, being introduced at the same time as the Patio process—f.c., about
1557—and until recently was in wdde use in Mexico, although chiefly in the
treatment of silver ores by the Patio process. It is now almost obsolete.

It is a circular, shallow, flat-bottomed pit, 10 to 20 feet in diameter, smTOunded
by a circular wall of stones, and paved with hard, uncut stones. A typical

u,rrastra is shown in Pigs. 52 and 53 in plan and section.^ Granite, basalt,

and compact quartz are all used for the rock pavement, which is made
12 inches thick, and is either placed on a bed of well-puddled clay from 3 to
'6 inches thick, or set in hydraulic cement, so that no chink or cranny remains
into which the mercury or amalgam can find its way. In the centre a vertical

shaft revolves, carrying two or four horizontal arms, to each of which is

attached a heavy stone by thongs of bullock hide, or by chains. These
drag stones weigh from 200 to 1,000 lbs. each, then forward ends being

about 2 inches above the floor, whilst their other ends drag on it. They are

moved by mules walking round outside the arrastra, or by water- or steam-

power, the speed varying from four to eighteen turns per minute. Fig. 54

represents an arrastra of the simplest description
;

at the front the stones

forming the edge have been removed, so as to expose a section of the rock

pavement.
Ore of about the size of pigeon’s eggs is introduced, enough water being-

added to make the pulp of the consistency of cream, and mercury is sprinkled

over it after most of the grinding has been done. When the ore cannot be

ground any finer, more water is added to dilute the pulp, the mule is driven

slowly for half an hour to collect the mercmy, and the pulp is then run out

and another charge shovelled in. The pulp is run into large dolly-tubs,

where more wafer is added, and the mercmy and amalgam separated by
settling. Most of the amalgam, however, remains in the arrastra, and is

^ Barba, Arte de los Metales. Loc. cit. ant.

®See Collins, Metallurf/t/ of Silver (1900), p. 69.

^T. H. Aldrich, jun., Trans. Amer. Inst. 3fnff. Etu/., 1908, 39 , 578.
* Collins, Aletalliirgy of Silver, p. 40.
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removed and dealt witli only after many charges of ore have been treated.

An arrastra of 10 feet in diameter takes a charge of 500 to 600 lbs. of ore^

and treats about 1 ton per day of twenty-four hours. The amount of wear

sustained by the grinding stones is equal to from 6 to 10 per cent, of the ore

Figs. 52 and 53.—Arrastra (Plan and Section).

crushed. The output is so limited that the use of the arrastra has never-

been general outside Mexico, although it has been used in almost every

district in the United States for a short time after the commencement o£

quartz mining in the particular locality.

It is often stated that the results obtained, so far as the percentage of
gold extracted from refractory ores is concerned, cannot be equalled by any
other amalgamating appliance, and that the Mexicans, using the arrastra,.
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formerly treated at a profit ores wliicli hardly yield any gold 'to the stamp
mill, or even to the amalgamating pan. In consequence of its power of saving

gold and the cheapness with which it can he erected and worked, the arrastra

is still valuable for prospecting. In preparing the bed for this purpose, every

care must be taken that the surface is even, and all joints properly cemented,
•or else the mercury and amalgam will in great part find their way into the

foundations.

The reasons for the high extractive power of the arrastra, when treating

certain ores, are no doubt to be found in the extreme fineness to which the

•ore is reduced, and in the prolonged contact between the ore and the mercmy,
which is maintained while they are being ground together. Moreover, the

grinding action of the dragged stones keeps the particles of gold bright and
in a suitable condition for amalgamation, without exercising force enough
to flatten and harden thern. The relative advantages of grinding surfaces

•consisting of iron and stone are less certain, and probably vary with the

nature of the ore in course of treatment. An instance is given by Colonel

Harris,^ in which stone was better than iron. In this case, at Cerro de Pasco,

Peru, the old method of grinding ores in circular pans, by edge-runners of

stone or granite, was found to entail a rapid wearing of the edge-runners,

.and, in order to remedy this, the runners were shod with iron. The returns

at once fell off, and on careful trial it was found that the yield in the old

machines was 15 per cent, more than in the new ones. Other similar instances

are on record, but it must nevertheless be conceded that, with some ores,

the presence of iron is necessary for good work, chlorides of silver and mercury
being reduced by it, which would otherwise be lost in the tailings. The
somewhat extravagant views often expressed, upholding the great superiority

of the arrastra over its more modern rivals as an amalgamating machine
for gold ores, are perhaps hardly justified, since a direct comparison with

stamps or pans has been possible in only a few instances.

One of the most remarkable of these instances is that aiforded by the

experience at the Pestarena Mines, Val Anzasca, Italy. The ore of this

mine contains about 20 per cent, of pyrite, and is of somewhat low grade,

rarely containing as much as 15 dwts. of gold per ton. Efforts were at fii’st

made to treat it by means of stamps and amalgamated plates, with the result

that only 65 per cent, of the gold was extracted. Better results attended

the introduction of the Frankfort mill, a modified arrastra, driven in this

instance by steam ; this mill is substantially a wooden pan, with dies and

shoes of stone. The mercury w^as added to the pulp after it had been finely

ground, and the amalgamation and grinding of the pulp subsequently kept

up for seven houi-s. From ore containing 12*3 dwts. per ton, the mill extracted

10*2 dwts., or 83 per cent., for a considerable period of time, while in the

year 1890 the average extraction was 79*4 per cent. There were twenty-

>eight mills, each of which treated 1,200 lbs. of ore per day. The stone bed

was said to last ten months, and the shoes from six to eight w^eeks, the total

(Cost of treatment being very low.

At Smartsville, and in other places in California, the arrastra was applied

Tto crushing and amalgamating hard cement gravel obtained from a drift

mine.^ At Smartsville the cement is coarsely crushed by being passed through

a Gates rock-breaker, and is then charged into four arrastras, each of which

^ Harris, Mng» J. ,
December 24, 1892, p. 1466.

2 Ehreiith Report Cal. State Min., 1892, p. 315.
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is 12 feet in diameter and o feet deep and capable of containing from 5 to

9 tons of gravel. Tlie grinding is effected by four blocks of diabase, each

weigbing from 600 to 1,000 Ihs.
;

the rate of revolution is 14 times per

minute, the time of grinding being one bour. A tablespoonful of mercury

is fed in with each charge, and tbe total loss is only 10 per cent, of this. The
pavement costs ?40 and lasts for six months. At the end of the hour, a

gate is opened in the side of, the arrastra and the charge run into a sluice,

200 feet long, where the mercury and amalgam are caught by means of riffles.

The capacity of one arrastra is 50 tons of hard cement per day, or 75 to

90 tons of soft surface-gravel per day. The cost is from 6 to 8 cents per

ton, and more gold is extracted than when a stamp battery was used at a

cost of from 20 to 40 cents per ton. One man attends to the four arrastras,

and another to the Gates crusher.

Iron prospecting arrastras with stone drags are sometimes used.

The Stamp Battery.—The stamp battery evolved, no doubt, from the

pestle and mortar was not introduced until a comparatively recent date.

Beckmann^ states that mortars, mills, and sieves were used exclusively

in Germany throughout the whole of the fifteenth century, and in France

stamps were unknown as late as the year 1579. Brough has suggested that

the origin of stamp mills was probably due to the manufacture of gunpowder.

It seems certain that in 1340 a stamp mill, used in connection with this

industry, existed in Augsburg, and that Conrad Harscher, of Nuremburg,
owned one in 1435. They were first applied to the gold indixstry at the

beginning of the sixteenth century, a doubtful record stating that they were
introduced into Saxony by Count von Maltitz in 1505. In 1512 Sigismund
Maltitz, ‘‘rejecting the dry stamps, the large sieves and the stone mills of

Dippoldswald and Altenberg, invented a machine which crushed the ore

wet under iron-shod stamps.” ^ In 1519 the processes of wet-stamping and
sifting were established in Joachimsthal by Paul Grommestetter, who had
some time previously introduced them at Schneeberg. The improvements
gradually spread through Germany, and detailed descriptions and drawings

of the apparatus were given by Agricola ^ m 1556, from which it appears
that the dry-stamp batteries in use at that time consisted of three or four

square wooden stamps with square iron heads, working on a flat surface

without sides {ie., no mortar-box) and raised by levers or cams set in the axle

of a water wheel. The wet stamps had a wooden mortar-box with an iron

bottom, and an iron screen set in an opening at the end of the mortar through
which the water flowed carrying the crushed ore. In some Hungarian mines,

Bennett H. Brough ^ saw some primitive stamps in use, resembling those
drawn by Agricola, weighing only 100 lbs. each, and having their heads made
in some cases of hard blocks of quartzite. At that time, in cases where the
conditions of wafer supply were favourable, these stamps were able to treat

with profit an ore containing as little as 2| ozs. of gold to 50 tons of ore,

and at Zell, in the Tyrol, they were able to treat a slaty material containing
1 oz. of gold to 50 tons of ore. Such economical work is seldom possible

with the modern Californian stamp under the most favourable circumstances.
Agricolah exact description of the treatment of auriferous quartz in*

Germany in 1556 shows that the methods in use at that time were strikingly

^Beckmann, History of Inventions, vol. ii., p. S34.
2 Agricola, De re Meta/Hca, p. 246 ; Hoover’s translation, p. 312.
3 Agricola, De re Metallica, lib. viii., p. 220; Hoover’s Translation, pp. 284, 287.
4 Brough, ProG. Inst. Civil Png., 9th Feb. 1892.
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Eig. 5o.

A, Water Wheel ;
B, Main Axle; C, Stamp ; D, Hopper in Upper IVIiUstone ; E, Opening

passing through its centre ; F, Lower Millstone ; G, Its Round Depression ;
H,

Its Outlet ;
I, Iron Axle of Millstone ; K, Its Cross-piece ;

L, Beam ;
M, Drum,

with trundles on the iron axle; N, Toothed Drum on Main Axle; 0, Tubs; P,

The Small Planks ; Q, SmaU Upright Axles ;
R, Projecting Part of one ; S, Their

Paddles ;
T, Their Drums supplied with trundles ; V, Horizontal Axle set into end

of main axle
;
X, Its Toothed Drums ; Y, Three Sluices ; Z, Their Tittle Axles :

A A, Spokes ; B B, Paddles.
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similar to those still employed in Transylvania and the Tyrol, which were

among the districts of which he wrote. Doubtless in these districts, the

methods have been handed down from generation to generation with little

change, while in other countries, where they were introduced hundreds of

years later, the changes have been rapid and striking. In those points in

which the older difiered from the modern Tyrolean practice, it resembled

the practice of the ancient Egyptians, so that the origin of the methods

may, perhaps, be traced back to them. The wooden stamps, shod with

hard stone or iron, were arranged in sets of three or four, and raised by cams
to fall by gravity when released. The rock was shovelled dry into the mortar,

and coarsely crushed by the blows of the stamps.

Next, it was ground as fine as flour* in a stone mill supplied with water,

and carried by the stream of water into the uppermost of three wooden
tubs, whence it overflowed in succession into the ‘ other two. Agricola's

illustration of the process is shown in Fig. 55. Devolving mechanical stirrers,

furnished with six paddles, kept in agitation the contents of the tubs and,

to quote Agricola, '' separate even very minute flakes of gold from the

crushed ore. These flakes, settling to the bottom {delafsa), are drawn to

itself and cleansed by the quicksilver (lying in the tubs), bub the water carries

oft* the dross. The quicksilver is poured into a bag made of leather or cloth

woven from cotton, and when this bag is squeezed, as I have described else-

where, the quicksilver drips through it into a jar placed underneath. The
pm*e gold remains in the bag.” ^ The same error of assuming squeezed

amalgam to be pm*e gold occurs in Pliny, but not in Biringuccio. Agricola

here expounds the theory of amalgamation still adhered to in Austria where
meremy is regarded merely as a useful means of collecting particles of gold,

which have already been separated from the crushed ore by their great

density. The Tyrolean bowls, still in use at Vorospatak in Hungary and
in a few retired valleys in the Eastern Alps, do not difter essentially from the

tubs drawn and described by Agricola
;

and, although wet crushing by the

stamps has been introduced, the moitar is even now seldom furnished with

screens in these mills.

Elsewhere the changes in stamp battery practice, introduced since

Agricola wrote his treatise, have been many and great, but they were not

introduced in Europe. In 1767 M. Jars saw stamp batteries in use in the

Hartz 2 which resembled those described by Agricola. Even then only a

single screen of brass wire 12 inches square delivered the product of three

stamps, and in several other districts in Germany screens had not been
adopted. The screen was completely protected from the splash of the stamps,
so that the sieving of the ore was very slowly effected by a current of water
flowing through.

The most important improvement has undoubtedly consisted in com-
bining the operations of crushing and amalgamation by charging mercui*}^

with the ore into the battery, and placing amalgamated copper plates in

the mortar, so as to catch gold. No mention of these practices appears to
have been placed on record before stamp batteries began to work in Cali-

fornia in 1850, although they had possibly been adopted in Georgia before

that time. It remains to add that in more recent practice, especially on

^
Agricola, 1657 ed., p. 283 ; Hoover, Agricola, p. 298.

2 Jars, Voyages Mctaliurgiqiies (Paris, 1780), vol. ii.
, p. 809.
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the Hand, the addition of mercury to the moitar has been discontinued
and the principles of the more ancient practice re-introduced.

The use of the copper plate was probably suggested by the experience
in Mexico and South America of the working of the Cazo process (invented

by Barba in 1609, according to his own statement^), in which, as was well

known, amalgam tended to adhere to the copper sides of the vessel unless

the proportion of mercury to gold and silver present was less than four

to one. Thus Baron Born wrote in 1786,^
—

" In new kettles . . . the
inside becomes wholly and so perfectly silvered that it never can be cleaned.

. . . The silvery coat is daily increased by slow and gradual apposition,

and the crusts of amalgama, accumulating on the bottom and sides of the

vessels, become gradually so thick that on emptying them they often fall

off by their own weight as silver plates, which, when dry, show the laminated
texture of their daily augmentation.”

The knowledge of this behaviour of amalgam in the Cazo process must
have been common to many who were engaged in exploiting the quartz

veins of the West soon after their discovery, and the speedy application of

this knowledge is exactly what might be expected from those quick-witted

pioneers. Nevertheless, the exact date and locality of the introduction of

the copper plate remains a matter for conjecture.

The copper plates fixed in the battery in the early fifties were about

4 inches Avide and as long as the mortar, and were placed one on the ‘‘ feed
”

side and one on the discharge side just underneath the screens. It was soon

found that the plates worked better from the start if they were coated with

mercury before they were placed in position, and this has now been invariably

done for the last half century. Crushed ore, stones, water, and amalgam
are flung violently against the plates, and the amalgam is retained in great

part.

The scouring action of the pulp on the plates is, however, always great,

and becomes more violent in proportion as the stamps are larger. The
plate on the feed side, long ago condemned by many, is accordingly being

discarded more and more, and that below the screens is curved away in such

a manner that it cannot be struck directly by the splash from the stain])

(see Fig. 66, p. 161). A more recent step in this direction was to line the

mortar with cast-steel plates, furnished Avith slots for the piupose of catching’

amalgam (see Fig. 66).

As already mentioned, the tendency is noAv tOAA'Urds the discontinuance

of inside amalgamation, and the abolition of gold-catching plates in the

mortar. The introduction of coarser crushing in the battery, followed b}’

regrinding, has, of course, assisted this movement.
Seventy years ago it Avas the practice, in districts other than Transylvania,

to treat the pulp after it had left the mortar mainly by passing it ovei-

inclined tables covered with blankets, much in the same AA^ay as Jason may
have seen the golden sands worked in Asia Minor. The sands accumulating

on the blankets Avere Avashed off at intervals and ground in mills AAuth

mercury. In addition, the ore Avas frequently passed over or through baths

of mercury, in imitation of the old Tyrolean practice.

Amalgamated copper plates over Avhich the pulp floAA^ed AA^ere tried, after

^ Barba, Arte de los 3IetcdeSi 1640, lib. iii.

2 Baron Inigo Born, Process of Amalgamation^ translated by Raspe, p. 122 (London,

1791),
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tJiose placed in tlie mortars Ead been proved to be beneficial, but in Western

America were at first almost everywhere rejected,^ probably owing to the

great depth of the stream of ore and water made to flow over them. When
long- afterwards, about the year 1870, this mistake began to be rectified,

the value of the plates was soon recognised in California.

The pulp is now led over the surface of these inclined plates in a very

thin stream, not more than a quarter of an inch deep. The pulp does not

run down in a regular stream, but in a series of little wavelets which tumble

over and over, and are supposed to bring every part of the pulp successively

in contact with the amalgamated surface. The catching powers of the plates,

are thus supposed to be practically independent of the tendency of the

particles of gold or amalgam to sink to the bottom of the stream. This

theory is not accepted by the Austrian school (see above, p. 152), and it

is certain that native gold is caught more easily in proportion as it contains

less silver (and is of higher density), so that when the particles of metal

consist of an alloy containing a large proportion of silver, and are, therefore,

of comparatively low density, the yield on the plates is generally poor. In

any case, however, whatever be the working hypothesis adopted, the amal-

gamated plate should theoretically be better adapted for its work than
the Tyrolean mill and other machines using mercury baths, owing to the

slight depth of the pulp on the plates, and the short distance through which
the gold particles are compelled to settle before reaching a catching surface.

The plates are wiped down with rubber or brushes as often as required (from

once to twelve times a day), and the gold separated in the usual way from
the excess amalgam thus collected.

The German stamp has a rectangular stem made of wood or, latterly,,

of iron, with an iron head, the total weight never exceeding 300 to 400 lbs.

It was introduced almost unchanged into France, Cornwall, and, after the

discovery of gold in 1849, into the United States, but has given place in all

new districts to the Californian stamp', and need not be fully described here.

In 1850, the fli'st stamp mill seen in California was erected at Boston Ravine,

Grass Valley. The stamps consisted of tree-trunks shod with iron, and the

framework was constructed of logs.

The ordinary method of reduction and amalgamation of gold quarte in;

a stamp battery now consists of the following operations :

—

1. The ore is broken down to a moderate size, usually to about 2-incli

cubes (or, according to Caldecott, If inches on the Rand), by passing through
the jaws of a rock-breaker, or by hand hammers, the latter an almost obsolete

method.

2. The ore is then fed into the mortar-box of a stamp mill, where it is

pulverised to the required degree of fineness. Automatic feeders are now in

general use. In wet crushing, a stream of water is introduced also, and the
blows of the stamps splash the water and piilp against screens set in the
side of the mortar, the finely divided ore being ejected in this way. In some
cases the mortar-box is partly lined with removable amalgamated copper
plates, by which some of the gold is caught and retained, small quantities of

mercury being in this case usually fed into the mortar-box with the ore and
water. Sometimes mercury is added when there are no inside plates.

3. On issuing from the battery, the pulp is allowed to run over a series

^
^ See G. KiistuI, Kerada and California Proroms of fiilrer and Ookl Extradion, p. (JL

(San Francisco, 1863.)
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of inclined, amalgamated copper plates, by wbicli a fm'tber percentage of

tlie gold is amalgamated and retained. Amalgam is also caught here when
inside amalgamation is practised.

4. The residue or tailing is sometimes fmTher treated by running over
rough hides or blankets or rifled sluices, by which some particles of gold
and pyrite are retained, or the pyrite is separated from the valueless sand
by concentration on some form of vanner or jig. The concentrate is

subjected to further treatment, usually either by cyaniding, smelting, or

formerly by chlorination. In other cases the tailing is separated, by settling

in water and decantation or by ciassihers, into “ sand and “ slime,” which
are cyanided without previous concentration. Sometimes the tailing goes
to tube-mills for regrinding.

5. At intervals the gold amalgam is wiped or scraped ofi the copper
plates, the excess of mercury separated by squeezing through filter bags
of chamois leather or canvas, and the pasty amalgam thus obtained is retorted

in order to distil oh the mercury,

6. The retorted bullion is melted in crucibles with the necesvsary fluxes,,

and cast into bars, which are then sent to a refinery.

The following is a general description of the machinery employed in

stamp-battery practice :

—

Ore Bins.—For mixed ore as received from the mine, it is an advantage to

instal large bins of sufficient capacity to hold several days’ supply for the

stamps, in case of breakdown or other delays in the mine. Bin floors

were formerly made of planking, laid with the lengths in the dii*ection of the

slope, for, if placed transversely, the boards wear fast, and the ore packs

at the edge of each one, with the result that its movement is impeded and
must be assisted by shovelling. The slope should be at least 45° in order

to enable the ore to move downwards by gTavity, when the lowest portion

is drawn from the shoot. The wear on the inclined bin floor is, however,

very great, and the floor is now generally protected by steel plates or bars.

The ore is discharged through a sliding door, which is also well protected

against wear. Ore bins with flat bottoms have greater capacity, but may
necessitate an additional handling of part of the ore. -In this case the bottom
of the bin can be made of wood throughout. The sills of the bins should be

placed horizontally on terraced ground, not on the slope of the hill.

A shoot from the mixed ore bin door leads to a grizzly, through which

the fine ore drops into the main battery ore bin. The larger pieces of rock

are discharged either into a coarse ore bin or else upon the platform by the

side of the rock-breaker and on a level with its mouth, into which it is

shovelled by hand. The former course is preferable, as in that case the

rock-breaker can be fed continuously by a gate in the coarse ore bin, which

is opened and shut by a rack and pinion. By this arrangement there is

a saving of labour, but the chief advantage is that the rock-breaker is

thereby kept constantly at work. At the North Star Mill, California, it

was found that when, by arranging for a continuous feed from the coarse

ore bin down a shoot leading direct to the rock-breaker, the latter was in

constant work, it absorbed 12 horse-power, as against 8 horse-power when
in intermittent work, but its output was over 50 per cent, more.,

Rock-breakers.—There are two classes of these machines in general

use, viz. ;

—

{a) Jaw crushers with reciprocating motion, and (5) G}uatory

crushers. The Blkae and the Dodge crushers are representative of the former

class, and the Gates and Comet crushers of the latter.
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The Blake Crusher is shown in section in Fig. 56. The rock is crushed

between the stationary jaw, B C^ and the swinging jaw, D, which is pivoted

.at E, and moved by the eccentric, F, through the toggles, J K. The jaw

plates, C^, formerly consisted of chilled cast iron, and are now usually

of manganese steel or some other special cast steel, suitable for resisting

hard wear; they have longitudinal corrugations. The machine works at

.about 250 or 300 revolutions per minute. At each revolution the moving

jaw is advanced about inch towards the other, and the lumps of rock which

have dropped down between the jaws are broken
;
as the moving jaw recedes,

the fragments slip lower down and are further crushed at the next advance,

•and this process is repeated until the ore is small enough to pass out at the

•opening at the bottom. The distance between the jaws at the bottom limits

the size of the fragments, and this distance may be regulated at will by moving'

the wedge, L, or by changing the length of the toggles, J K. The jaws wear

most at the centre and lower end, which is partly compensated for by re-

versing, The “ Osborne ” composite jaw, in use on the Band, is designed

to meet this difficulty.^ The capacity of the machine is great, being about

300 tons of ordinary rock per day of twenty-four hours in the case of the

Fig. 56.—Blake Crusher.

machine whose dimensions at the mouth are 20 inches by 10 inches, when
the lower edge of the jaws are set to approach within 1|- inches of each other.

The power required for this is stated to be 14 H.P. In large “ coarse breakers
”

on the Rand 20 to 30 H.P. is required for a breaker dealing with from 40 to

60 tons of ore per hour.^ Jaw breakers of this type are used on the Rand
for coarse crushing to 4 or 5 inches maximum, as they make little

‘‘ fines.”

In the Dodge Crusher, shown in Fig. 57, the moving jaw is pivoted below
instead of above. The effect of this arrangement is to make the product
more uniform in size, and as there is little or no motion of the movable jaw
at the delivery aperture, this may be made as narrow as desired, so that a

finer product can be obtained, although it is at the expense of capacity.

The Dodge crusher is more particularly recommended for fine crushing in

concentration works, or where the product is to be subsequently passed

through rolls.

Authorities differ as to the relative advantages of the two positions of

^ C. 0. Schmitt, JRaml MctaUurgkal Pvm^ticc, vol. ii., p. 32 (Griffin & Co., 1912).
2 JLoc. cif.
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tike pivot. R. H. Ricliards decides ^ in favour of placing the pivot above,
assigning as a reason that the work of crushing is in that case more evenly
disti’ibuted, whereas if the pivot is below, most of the power is used near-

the throat or discharge aperture in recrushing particles which have aheady
been reduced sufficiently {i.e., “ choke ” crushing).

The Gates Crusher is shown in Fig. 58, and consists of a vertical spindle=

Fig. 58.—Gates* Crusher.

of forged steel, G, revolved by the bevel wheel, L, and a bevel pinion. The-

spindle is set eccentrically in the bevel wheel, and has a gyratory motion.

1 R. H. llichards, Ore Dressing, vol. i., p. 35.
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wlien rock is being crushed. At the top of the shaft is a breaking head, F,

,and the shell surrounding this is lined with twelve concave pieces, E. Tliese

form the crushing faces, and were formerly of chilled cast iron, but now
•consist of manganese steel or other special hard cast steel. The faces wear
rapidly and are frequently renewed.

The Comet Grusher is a similar machine which has come into use more
•recently. In the later form of this machine, the Adjustable Comet,'' the
•size of the product can be varied by toning a hand-wheel. The Hadfielcl

ore breaJcer is also widely used.

Gyratory crushers are of far greater capacity than machines with recipro-

cating motion, and have accordingly come into use where a large output
is requhed. The largest size Comet crusher is said to have a capacity of

from 100 to 200 tons of rock per hour.

On the Rand, gyratory breakers are used as “ fine breakers," taking the
product of the coarse breaker (see above, p. 156), after it has been passed
ihrough a trommel and sorted, and breaking it to a maximum of about
If inches. The cost of hne breaking is given as follows :

—

Maintenance, ..... 0*2d. per ton.

Labour, •25d. „
Power, -ISd. ,,

Capital charges, ..... T2d. „

Total, .... 0*72d.

The power required is | to 1. H.P. per ton per hour.^

Position and Use of Rock-BreaJcers,—^The aperture of a rock-breaker
as pkced on a level with the floor, so that the ore can be dumped down by
the side and shovelled into the jaws, or the ore is fed direct into it through
.a shoot from the ore bins. It is now becoming customary to place the rock-
breaker in a separate building distinct from the battery house.

A grizzly or screen of steel or iron bar^, set 1 or 2 inches apart, is often
•employed to separate the fine material, which is passed straight to the stamps.
Washing trommels are in use on the Eand. When the stamp battery is used
.only to crush the ore, which is subsequently treated in other machines, it

is of great advantage to separate the fine product of the rock-breaker by
.sieving, instead of passing the whole through the stamps. This arrangement
increases the output and prevents unnecessary sliming of the ore, thus great!}'
reducing the loss of sulphides when an attempt is made to save these by
^concentration.

The product of the rock-breaker is mixed as thoroughlv as possible with
the original fines, and led by means of a shoot "direct to the automatic stamp
feeders.

The efficiency and economy in crushing, attained by rock breakers, are
so fully recognised that efiorts have been made to use them to reduce gold
•quartz to a^ very small size before feeding it into the stamp batteries, with
.u, view to increase the output. For fine crushing, multiple jaw crushers,
on the same principle as the Blake, have been constructed, but have not
passed into general use

; the use of a pair of rolls between the rock-breaker
.and the stamp battery has also been advocated. The usual size, however,

1 Schmitt, Mmid MeiaUnrr/ical Practice, vol. ii.
,
p. 51.
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to Aviiicli ore is reduced before it is fed into tke stamp mill is 1|- or 2 inches
maximum. Any finer preliminary crushing is unusual, and, according to
the researches of W. A. Caldecott and other members of the Mines’ Trial
Committee, S. Africa, the most economical size is about If inches.

The Stamp Battery.—California “ gravitation ” stamps are in general
use at the present day for crushing gold ores. A stamp is a heav}" iron, or

P2,

o
CD

o

iron and steel, pestle, raised by a cam keyed on to a horizontal revolving

shaft, and let fall by its own weight. Stamps are ranged in line in groups

of five stamps each, which have a mortar box in common. Eig. 59 represents

the side view, and Fig. 60 the front view, of a ten-stamp battery, with the

amalgamating tables removed to show the foundation timbers or mortar-
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blocks, A.^ Figs. 61, 62, and 63^ (see folder) give the details of a modern
Transvaal ten-stamp battery (Simmer Deep).

The foundations are of tbe bigbest importance. If they are badly made
tbrongb carelessness or false economy, tbe efficiency of tbe battery is greatly

decreased, and it soon shakes itself to pieces. Tbe blow of a stamp is partly

employed in crusbing tbe ore, and is partly expended in producing a con-

cussion or jar acting on tbe framework and foundations. Tbe amount of

energy used up in tbe latter way depends largely on construction. In pre-

paring tbe ground for tbe foundations, tbe eaxtb is removed until bed-rock

is reached if possible, and tbe latter is then carefully smoothed and covered

with a layer of concrete. Tbe wooden mortar-blocks of from 6 to 18 feet

long are placed upright in this trench, and tbe space round filled up with

sand, or, as in tbe Transvaal, solid masonry is built round tbe blocks. Con-

crete mortar blocks are now often used instead of wooden ones (see Figs. 61,

62, and 63). Heavy iron anvils or mortar blocks are also used on concrete

foundations. These were introduced at tbe Village Deep Mill in 1903, but

have been omitted in later mills. Tbe framework is made of wood, iron, or

steel. It consists of tbe massive cross sills, B (Fig. 59), on which rest tbe

battery- or king-posts, C, and tbe braces, B. Tbe cross sills rest on hori-

zontal mud-sills, placed parallel to tbe line of stamps. Tbe posts are held

together by tbe guide- or tie-timbers, D. Tbe mud-sills are shown below

tbe cross sills. Frames of a number of different designs are in use. In recent

mills on tbe Rand tbe king-posts and also tbe foundations generally have
been made of reinforced concrete.

The Mortar .—Tbe mortars are made of cast iron, but difier in shape

according to tbe natme of the ore and tbe corresponding modifications,

made in the course of treatment. They weigh from 1-| to 5|- tons, being

especially thick at tbe bottom where there is tbe greatest stress. An ordinary

mortar is about 4 feet 7 inches long, 50 inches high, and 12 inches wide on
tbe inside at the level at which tbe dies are set. Tbe bottom is from 3 to^

11 inches in thickness, and has a heavy flange cast on it by which it is bolted

to tbe mortar blocks. For modern heavy stamps, mortars are larger and
heavier,^ tbe bottom being 15 inches thick. Tbe mortar-blocks are tarred

over, all cracks in them having been filled with sulphur, and are then covered

with three thicknesses of blanket, carefully coated with tar on both sides.

Tbe mortar is placed on these blankets and securely bolted down. This-

arrangement lessens tbe chance of tbe mortar working loose, tbe jar being

diminished. A sheet of rubber, J or f inch thick, is used instead of tbe blankets

in many modern mills. Figs. 64 and 65 represent sectional elevations of tbe

two chief types of mortars, Fig. 64 showing a mortar intended to be supplied

with an inside amalgamated copper lining plate, c, on tbe screen side only,

and Fig. 65 a mortar designed to have copper plates, e, 6, placed both at

tbe front and back. In both figures, h is the feed-opening through which
tbe ore is introduced into tbe mortar

;
c is tbe bed on which tbe die is placed

d is tbe screen-opening. Tbe chief diflerence between them is in tbe feeding

arrangement
;

in tbe latter case tbe back plate is put in a recess, and is

protected from tbe falling rock fed into tbe battery. Back plates are now

1 For full details of construction of stamp-mills, see Richards, Ore Dressing, vol. i.,

pp. 144-230; also, Rand Metallurgical Practice, vols. i. and ii., from which many of the-
details in the preceding and following sections are taken.

2 Schmitt, Rand Metallurgical Practice, vol. ii., p. 136.
® See Rand Metallurgical P'mc^2ce—Smart, vol. i., p. 50 ; Schmitt, vol. ii., p. 80.
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blocks, A.^ Figs. 61, 62, and 63^ (see folder) give tbe details of a modern
Transvaal ten-stamp battery (Simmer Deep).

The foundations are of tbe bigbest importance. If they are badly made
tbrongb carelessness or false economy, the efficiency of tbe battery is greatly

decreased, and it soon shakes itself to pieces. The blow of a stamp is partly

employed in crushing tbe ore, and is partly expended in producing a con-

cussion or jar acting on tbe framework and foundations. The amount of

energy used up in the latter way depends largely on construction. In pre-

paring tbe ground for tbe foundations, the earth is removed until bed-rock

is reached if possible, and tbe latter is then carefully smoothed and covered

with a layer of concrete. Tbe wooden mortar-blocks of from 6 to 18 feet

long are placed upright in this trench, bnd the space round filled up with

sand, or, as in tbe Transvaal, solid masonry is built round the blocks. Con-

crete mortar blocks are now often used instead of wooden ones (see Figs. 61,

62, and 63). Heavy iron anvils or mortar blocks are also used on concrete

foundations. These were introduced at the Village Deep Mill in 1903, but

have been omitted in later mills. The frameioorh is made of wood, iron, or

steel. It consists of tbe massive cross sills, B (Fig. 59), on which rest tbe

battery- or king-posts, C, and tbe braces, B. Tbe cross sills rest on hori-

zontal mud-sills, placed parallel to tbe line of stamps. The posts are held

together by tbe guide- or tie-timbers, D. Tbe mud-sills are shown below

the cross sills. Frames of a number of different designs are in use. In recent

mills on tbe Band tbe king-posts and also the foundations generally have
been made of reinforced concrete.

The Mortar.—The mortars are made of cast iron, but differ in shape
according to the natiue of the ore and the corresponding modifications,

made in the course of treatment. They weigh from 1|- to tons, being

especially thick at the bottom where there is tbe greatest stress. An ordinary

mortar is about 4 feet 7 inches long, 50 inches high, and 12 inches wide on
tbe inside at the level at which the dies are set. Tbe bottom is from 3 to*

11 inches in thickness, and has a heavy flange cast on it by which it is bolted

to tbe mortar blocks. For modern heavy stamps, mortars are larger and
heavier,® tbe bottom being 15 inches thick. The mortar-blocks are tarred

over, all cracks in them having been filled with sulphur, and are then covered

with three thicknesses of blanket, carefully coated with tar on both sides.

Tbe mortar is placed on these blankets and securely bolted down. This-

arrangement lessens tbe chance of the mortar working loose, tbe jar being-

diminished. A sheet of rubber, J or f inch thick, is used instead of tbe blankets

in many modern mills. Figs. 64 and 65 represent sectional elevations of the

two chief types of mortars, Fig. 64 showing a mortar intended to be supplied

with an inside amalgamated copper lining plate, e, on the screen side only,

and Fig. 65 a mortar designed to have copper plates, 6, 6, placed both at

the front and back. In both figures, h is the feed-opening through which
tbe ore is introduced into tbe mortar

;
c is tbe bed on which tbe die is placed

d is tbe screen-opening. Tbe chief difference between them is in the feeding

arrangement
;

in tbe latter case the back plate is put in a recess, and is

protected from tbe falling rock fed into the battery. Back plates are now

1 For full details of construction of stamp-naills, see Richards, Ore Dressing, vol. i.,

pp. 144-230; also, Eand Metallurgical Practice, vols. i. and ii., from which many of the-
details in the preceding: and following sections are taken.

2 Schmitt, Rand Metallurgical Practice, vol. ii., p. 136.
® See Rand Metallurgical Pracifce—Smart, vol. i., p. 50 ; Schmitt, vol. ii., p. 80.







ORE CRUSHING IN THE STAMP BATTERY. 161

not often used. The plates catch the coarse gold inside the mortar when
the pulp is flung against them. Cast-iron or steel lining plates and false

bottoms take up the wear inside the mortar and are renewed when worn
out. They last a few months.

A section of the mortar used at the Croesus mill, in the Transvaal, is

Fig. 64.—^Ilortar for Inside Amalgamation Fig. *65.—^IMortar for Inside Plates

Plate on Screen Side. on Both Sides.

shown in Fig. 66. a is a cast-steel lining plate with slots or recesses in it

for collecting the amalgam ; h is the feed opening
;

c the wooden blocks

for carrying e, the copper plate
;

d is the screen opening
;
and / a steel

plate. In more modern mortars in the Transvaal the back is vertical inside

for about 16 inches (Smart).

The width of the mortar varies from 10 to 14 inches at the level of the

Fig. 66.—^Mortar at Croesus Mill, Transvaal. Fig. 67.—^Die, Plan and Elevation.

bottom of the screens. As has been aheady mentioned, narrow mortars

are best fitted for rapid discharge, but, if hard flinty ores are to be crushed,

a narrow mortar causes frequent breakage of the screens, unless the discharge

is deep

—

i,e., unless the bottom of the screens is a considerable distance

above the surface of the dies. By this latter arrangement the output is
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reduced, since, tlie nearer tlie screens are to tlie dies, the more rapid is the

discharge.

The defth or height of the discharge is the distance, measured vertically,

from the top of the die to the lower edge of the screen opening. It varies

from zero to about 10 inches in modern mills, according to the nature of the

ore and the general scheme of working. Adjustable battery-screens keep

this height constant, in spite of the wearing of the dies. The screen-frame

is supported on a wooden chuck-block, which is easily removable, and to

which the copper plate is bolted. When the dies wear down, the chuck-

block is replaced by one of less height, to which a suitable plate has already

been fixed. The height of the die may also be regulated by periodically

introducing liners below the die as it wears down. Smart points out^ that,

even though the surface of the die be level with the lower edge of the screen

opening, there is actually about inches height of discharge, due to the

partially crushed ore banking against the lower edge of the screen, and in

consequence there is nothing to be gained by employing a less height of dis-

charge than, say, 1|- inches. The greater the height of discharge the longer

the ore is retained in the mortar and the finer the product, and, therefore,

where coarse crushing is used as a preliminary to fine grinding in tube mills

or other machines, the height of discharge is kept at about 2 inches. Where

inside amalgamation is practised a greater height of discharge is maintained.

The extreme height of discharge of 13 to 15 inches was formerly used in the

Gilpin County Mills, Colorado.^

The splash-box, not shown in the figures, and now often omitted, is bolted

to the outside of the mortar just below the screens. It is rectangular, consists

of wood or iron, and is of the same length as the mortar. It receives the

pulp as it passes through the screens, and distributes it evenly over the

amalgamating tables by a number of spouts, usually three. Instead of the

splash-box, a splash-board or a canvas shield is now almost universally

employed. The lip of the mortar projects some inches, as shown in Eig. 66,

and to it is bolted a cast-iron apron about 14 inches long, which often carries

an amalgamated copper plate, the apron-plate. The pulp is dashed through

the screen against the splash-board and falls thence on the apron-plate,

which is often provided with a curved lip to prevent the splashes from

reaching the amalgamated tables. The old form of mortar had its upper

part, or housing, of wood, but, as mercury is lost through the smallest aperture,

and it was difficult to make these wooden housings quite tight, mortars are

now cast in one piece, including the housings. The roof of the mortar is made
of 2-inch planking, through which holes are cut to admit the stems of the

stamps and the water pipes.

When the mortar is in place, the diSs are put into it, a layer of sand

being often introduced first. The dies consist of two parts, the footplate

or base and the die proper or body. Eig. 67 shows, in plan and elevation,

one of the many forms of dies in use
;
here the base is almost square, so as

to fit the mortar
;

it is 1 or 2 inches thick, and 9|- to 10 inches square. The
body is cylindrical, 5 or 6 inches high, and of the same diameter as the shoe.

On the Rand it is generally 9 inches, or with stamps above 1,500 lbs. 9J inches

in diameter. Shoes and dies are now generally made of forged steel, the

dies being kept a little softer than the shoes. They last longer than the iron

1 Smart, JR,and Metallurgical Practice, vol. i., p. 71.
2 T. A. Rickard, Stamp Milling of Gold Ores, 1897, 2nd edition, p. 16.
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sKoes and dies formerly in use. Chrome steel and manganese steel have
also been used for shoes and dies. Sometimes steel shoes and iron dies are

used. The wear of iron shoes and dies was formerly stated to be about
:2 or 3 lbs. per ton of ore crushed in California. At the Robinson Mine, South
Africa, the wear of steel shoes and dies is, according to Harland, 045 lb.

per ton crushed for shoes and 0*30 lb. per ton for dies. According to 1.

Roskelley,^ a 12-inch steel shoe weighing 225 lbs. is worn out on the Rand
in about ninety days, during which from 450 to 500 tons of ore are crushed.

The shoe is used until it is worn down close to the shank, and weighs only

35 or 40 lbs. when discarded. Rorged steel dies,^ with cylindiical bodies

6 inches high and weighing 120 lbs., last as long as the shoes, and weigh
only about 40 lbs. when thrown out, if they have worn down evenly. These
rates of wear correspond for shoes to about 0*40 lb., and for dies to about
0-17 lb. per ton of ore crushed. "WTien the body is worn down to within

from 4 inch to 1 inch of the base, the die is replaced. Dies wear more slowly

than shoes, since they are protected by a layer of pulp, which is over an
inch thick. The dies are all renewed together, as it is important that those

in the same battery should be of equal height, otherwise one or more will

become almost bare of ore, and a disastrous pounding result. If a die breaks,

it is not replaced by a new one, but by one worn to the same extent as the

•others in the battery. Iron false-bottoms or chuck-blocks or san.d packings

are placed beneath partially-worn dies, so as to keep the height of the

-discharge constant.^

Dies require to be hardened and tempered very evenly, according to

Roskelley,^ to prevent uneven wear, A die worn down at one side causes

n diminution of output, and may result in a broken stem. According to

E. B. Aulsebrook,° the three centre dies in a mortar wear down at the back

faster than at the front, on account of the size of the material which is fed

-at the back being larger than that which is crushed at the front. Eor this

reason he recommends dies to be turned round once a month. He also

states that dies often wear unevenly because the stamps are out of

centre.

The cam-shaft, H, Fig. 60, is of \\T:ought iron or, better, forged steel of

the best quality, as it has to stand severe strains. Nickel steel has been

tried. The shaft is usually about 6 inches in diameter. It is usual to have a

•separate cam-shaft for each five or ten stamps, which have thus a separate

driving pulley. The advantage of this arrangement is that repairs can be

done to one or more stamps without necessitating the stoppage of the whole'

mill, as used to be the case when there was only one cam-shaft. The cam-

shaft is placed at a distance of from 5 to 10 inches from the stem-centre,

and is 9 to 10 feet above the mortar bed. The bearings rest on supports

often attached to the battery posts, generally on the discharge side. The
cast-iron cam-shaft bearings and supports at the City Deep Mill are shown
in Fig. 68,6

^ Roskelley, J, Ckem. 3Ict. and Mug, Soc. of S. Africa, Feb, 1904, 4, 410.
2 Loc. cii.

® For the method of changing shoes and die.s, see G. 0. Smart, Rand Metallurgical

Practice, vol. i., p. 60 .

^ Roskelley, loc. cit.

^ Anlsebrook, ibid., July, 1904, 5, 12.

® Schmitt, Rand Metallurgical Practice, vol. ii., p. 119.
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Fig. 68.—Cam-Shaft Bearing (City Deep).

Tlie cams are made of cast steel. The double cam, illustrated in Figs.
69 and 70, is now in almost universal use, though single and treble forms
have been employed. Sometimes cams are cast in two pieces which are
bolted together, so that when one is worn out, it can be replaced without
first removing the other cams on the shaft, but these sectional cams
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work loose, and are not miicli used. Cams are either right- or left-

handed. Both are used in the same battery to equalise the cam thrust,

the stamps being rotated in opposite directions. The shape of the cam
face is the involute of a circle slightly modified at the end so as to stop the

upward motion gradually. The radius of this circle is equal to the distance

between the centres of the cam-shaft and the

stem, which depends on the height to which the

stamp is to be lifted, so that the curve of the

cam varies with the drop.^ A cam should last

several years unless broken through being a

faulty casting, or through carelessness in letting

the stamp fall when hung up.

The old-fashioned keyed cam has now been
replaced in many mills by the Bkinton cam,

which will take any position on the cam-shaft.

To secure it two holes are bored in the cam-
shaft, and two pins dropping into these hold

fast a semi-circular tapering wedge or “ bushing.”

The cam slips over the bushing and tightens

itself in working. When it is necessary to take

oS a cam, a slight blow on the back edge with

a hammer loosens it instantly. The “ new ”

Blanton cam (see Fig. 71),^ fastened by rifling,”

is said to be found still more convenient than

Figs. 69 and 70.—Cam, Front

and Side Elevation.

the older form. The bushings are abolished, and the cam-shaft made with

ten taper faces, so that its cross-section is like a ratchet-wheel with ten teeth

instead of being circular. The bore of the cam has ten corresponding faces,

and the cam slips on in any one of ten positions. It is then tightened

sufficiently to hold it in position until put into operation, when it tightens

itself further on the shaft in proportion to the work it has to do.

The cam-face works against the collar or tappet, shown in plan and section

in Figs. 72 and 73, which is bored out to fit the stem of the stamp. The tappet

is usually made of hard fine-grained cast steel, and is fitted with a wrought-

iron gib, which is pressed against the stem by two or three keys behind

it, thus binding the tappet firmly on the stem while, at the same time,

^ For a full discussion of the cam curve, see H. Louis, Handbook of Gold Milling^ 1894,

PX3. 479-491.
2 Schmitt, Rand Metallurgical Practice, vol. ii., p. 113.
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admitting of rapid adjustment to anotiier position. With heavy stamps

two or more gibs are used. The cam always strikes the tappet a heavy

blow, and this could be diminished by a chaz^'e in its design, such as that

proposed in Behr’s cam (see p. 171). The weight of the tappet should not

exceed 12 to 15 per cent, of the total weight of the stamp.^ Adjustment of

the tappet on the stamp-stem is required every few days to allow for the

wear of the shoes and dies.

The entire end surface of the tappet conies in contact with the cam-face,

by which the stamp is raised and, at the same time, rotated. The ehect

of this is, that the shoe does not strike the ore in the mortar in exactly the

same place twice in succession, and the wear of its face is made more uniform.

The greater part of the revolution takes place during the raising of the stamp,

but the latter does not quite cease to rotate as it falls, aird a slight grinding-

action on the ore has been noticed by many observers. The amount of

rotation varies with the fall, the extent to which the cam and tappet are

greased, and the state of wear of their smrfaces. A little grease is always

added to reduce wear, but, if too much is present, the stamp does not revolve

at all, while, according to J. H. Hammond, when the tappet is in the right

condition, one revolution is effected in from four to eight blows, with a 6-

or 8dnch drop. Other observers find the usual rate of rotation more rapid,

and in Gilpin Co., Colorado, where the average drop

is from 16 to 18 inches, the stamp makes from l^^

to 1| revolutions at each blow, according to Eickard.

Tappets last for four or five years
;
and, having

both ends alike, they can be reversed when one end
is worn out, and their worn and grooved faces can

be planed down w^hen necessary. Some millmen
assert that tappets may be broken by the cam if

keyed too tightly to the stem.

As the cam-thrust is not applied at the centre

of the stamp, there is always a considerable side

pressure, which greatly increases the friction in

the guides and wears out the latter, besides causing

a loss of power. Moreover, another result of this

is that the stamp tends to be inclined (not vertical)

when it is released, and so the blow on the die is given slightly to one side

—

f.6., the side of the die on which the cam works. Consequently, there is a
tendency for this side to wear down more quickly than the other. To obviate

these disadvantages, cams have been introduced at Johannesburg with a

wide hub, and the two blades set one at each end of the hub, so that they work
on opposite sides of the stamp and cause it to revolve in different directions

at each successive uplift.

The 'pulley on the cam-shaft (F, Fig. 60) is made of wood on cast-iron

or cast-steel centres, which are keyed to the cam-shaft
;

if iron alone were
used, the rapid succession of jars, caused by the dropping of the stamps,,

would soon cause the material to crystallise and break. A tightener pulley

on the belt driving the cam-shaft is often used, by which the stamps can
be put in motion or stopped without interfering with the driving power.

The stamp itself consists of three parts, the stem, the head or boss, and
the shoe. The steyn (G, Fig. 60) is from 12 to 18 feet long, and from 3 to

r.;.
—
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^ Schmitt, Rand MetaUaryical Practice, vol. ii.
,

pjD. 103 and 104.
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inclies in diameter : it is made of ^n‘ouglit iron or steel, ’’or steel in the
middle portion with wi’oiight-ii’on ends, and has both ends tapered for a

length of 6 or 8 inches to fit the heads, so that, if one end is broken ofi, the
stem can be inverted and the other end used. The head and shoe are made
of equal diameter—viz., about 8 or 9 inches. The head is of cast iron, or in

more recent practice of hard fine-grained cast steel, about 15 to 24 inches

long (or in later practice on the Rand 48 inches long, when the stem is reduced
to 12 feet), and has a tapered socket at each end, the upper one for the stem
and the lower for the tapered shank- of the shoe. 'W^en these are driven

into their respective sockets, into which a few strips of wood are inserted

to keep the two metal surfaces from touching each other, a few blows by
the stamp bind them secm^ely together, no other fastening being necessary.

Slots are provided at the base of the two sockets, through which wedges
may be driven to force out the shoe or stem when necessary. Roskelley ^

Pig. 74.—Improved Stamp Head with Axial Opening for removal of broken stems.

advocates a hole about 2|- inches in diameter drilled through the axis of the

head to facilitate the removal of broken stems. G. 0. Smart has designed

a head (Pig. 74)^ in which the difficulty is overcome by having a hole drilled

or cast in the head through the entire length, and with the aid of a stout

rod and a hydraulic press the broken-off shank (or stem) is then removed
with the greatest ease, instead of it being necessary to resort to dynamite,

as was formerly sometimes the case. The head lasts several years, being

rarely ruptuied.

The shoe (Fig. 75)® consists of two parts, the shank, which fits into the

^ Roskelley, loc. cit.

^ Smart, Ryr'a ^Tct iVifrairfil Practice^ vol. i., p. 56.

® Schmitt. Practice^ vol. ii., p. 96.
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head, and the shoe proper or butt. It is made of hard forged steel, with the

shank made softer than the butt in the tempering. The diameter of the

shank is about half that of the butt. The shoe is replaced when the butt,

which is from 9 to 18 inches in length when new, has been worn down to

about 1 inch in length- To keep the total weight of the stamp constant,

several sizes of heads are sometimes used in one mill, the heavier heads

taking partly-worn shoes. ‘‘ Chuck-shoes ” are inserted between heads and
shoes with the same object. Shoes last about three months on the Hand,

according to Eoskelley, the wear being about 04 lb. per ton of ore milled.

Compensating weights are affixed to the stem as the shoe wears.

^

The relative weights of tappet, stem, head and shoe, which together

make up the stamp, vary considerably. There is an advantage in increasing

the diameter of the stem, as one of small diameter tends to spring and bend
from the blow of the cam, or when the stamp falls, and to wear the guides

rapidly. On the other hand, there is an advantage in diminishing the length

of the stem, as, owing to its elasticity, the efiect of the blow when the stamp
falls is partly expended in compressing the stem momentarily. For the same
reason it is advantageous to reduce the weight of the tappet and to increase

that of the head. The stem weighs from 250 to 600 !&., the tappet from
80 to 150 lbs., the head from 175 to

370 lbs., and the shoe from 100 to

250 lbs. The total weight of the

stamp is usually from 650 to 1,350

lbs., but is sometimes as low as

450 lbs., and, for prospecting pur-

poses, the weight is only from 100

to 300 lbs. The heaviest stamps
yet made for the Hand are 2,000

lbs. in weight. The introduction

of the long head on the Eand
raised its weight to 900 lbs., or 44

per cent, of the total weight, while

Fig. 75.—Shoe for Heavy Stamp. the stem fell from 46 to 27 per

cent.^

The stamp stems are guided in boxes bolted to the wooden guide-timbers,

which also serve to hold the battery posts together. There are two of these

guide-timbers (D, Fig. 60), one within 2 or 3 feet of the top of the battery

posts, and the other about 6 or 7 feet lower. The depth of each guide is about
15 inches, and the stems are fitted closely to the guides, metal guides being

used occasionally (e.^., the Ealok guide^), although wood is much more
general. Wooden stem-guides wear the stems more rapidly than metal
ones, in spite of a higher expenditoe on lubricants. The guide-beams are

sometimes pierced with large square holes in which bushes of wood, with
the grain parallel to the length of the stamp, are placed fitting the stem
exactly. In this way, the guide-beams themselves are preserved from wearing
out. Sectional guides, consisting of a series of iron keys enclosing wooden
bushings, are also used. In this case each stem has a guide to itself and the

bushings can be renewed by hanging-up the one stamp without stopping

the other stamps in the battery. The Ealok guide has this advantage also.

^ Smart, Rand Metallurgical Practice, vol. i., p. 6.5. ^ Schmitt, ibid., vol. ii., p. 90.
® Schmitt, ibid., vol. ii., p. 101.
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Each stamp is provided with a finger-har or jack (I, Fig, 59) made of

wrought iron, or wood protected with iron, and carried on a separate jaclc-

shaftj which is supported on cast-iron brackets attached to the king-post.

The jack is for the purpose of raising the stamp and hanging it up out of

reach of the cam. tiTien this is to be done, a strip of wood or wrought iron

(the cam-stich), an inch or more thick, is laid with one hand on the cam as

it rises, and the stamp is thus raised an inch higher than usual, so that the

Jack can be slipped in under the tappet with the other hand. The stamp
is thus suspended above the cam and can be repaiied without stopping

the others, while it can only be released in a manner similar to that in which
it was hung up. Above the stamps there is a double rail, on which is a tackle

block carriage (crawl, crab
) ; by this the stamp, etc., can be lifted up for

repairs. \\TLen the stamps are to be set up, the head is put on the die and the

stem dropped into it, strips of wood or other packing being usually put into

the head socket and the stem dropped into that. The stamp is then raised

and dropped into the shoe, the shank of which is smTounded by strips of

wood for packing. As already stated, the parts are soon wedged firmly

together by raising and letting fall the stamp a few times.

The height of the drop ’’ of the stamps varies from 4 to 18 inches, and
the number of drops per minute varies from 30 to over 100. These depend
on one another to a great extent, an increase in the height of the drop being

necessarily accompanied by a diminution in the number of drops per minute .

With a drop of 8-| inches, about 95 blows can be obtained, the tappet then

just having time to fall after leaving one face of the cam, before the other

begins to raise it. The actual height of drop, as pointed out by Smart, is

the “ set ” height less the thickness of the ore on the dies after the stamp
has fallen. As, within certain limits and under certain conditions, an increase

of speed results in an increase of yield of pulverised ore, efforts have been

made to raise the number of blows per minute. The subject will be returned

to when the conditions for successful amalgamation are discussed.

D. B. Morison discusses the question of height of drop from the point

of view of speed of crushing, in a valuable paper which should be consulted.^

The time occupied in seconds in the fall of the stamp, if all friction, including

the resistance of the air, is left out of account, is
,
where H = height

in feet, and G = 32-2, For a fall of 8 inches this amounts to about 0*2 second,

but owing to the friction between the stamp and the guides and the resistance

due to the water, the actual time taken, according to Mprison’s experiments,^

is about 0*225 second (see Fig. 76). The velocity at the time of impact and
the force of the blow are correspondingly diminished, the latter being 17 per

cent, less than it would be if the work were done without friction in vacuo,

a mean result of twenty-four experiments. The time required in raising

the stamp is somewhat greater, owing to the imperfect method necessarily

employed. The shape of the cam causes the stamp to start upwards at a

certain velocity immediately the cam meets the tappet, and to maintain

the same velocity until near the end of the stroke. In a properly constructed

cam, designed to give a drop of 8 inches, the vertical component of the velocity

of the cam, is for 100 drops per minute, about 2 feet per second. If the

1 “Gravitation Stamp MiUs for Quartz Grushing,” by D. B. Morison, Trans. North-East

Coast Inst, of Engineers and Shipbuilders, 1896-7, Session xiii.

2 Morison, loo. eit.



170 THE METALLUHG-Y OF GOLD.

cam were suddenly removed from the tappet when moving at this velocity,

the stamp would continue to rise against gravity for about f inch, neglecting

friction.

The inherent defect of the cam is that it strikes the tappet a tremendous

OQ
q_,

O

B

blow in the efiort to lift the stamp at the full velocity from the start, and it

is this blow which is the cause of much of the intense noise and vibration
felt in every stamp mill. In spite of the power of the blow, which tries the
cam-shaft severely, the dotted curve in Fig. 76 shows that at first the move-
ment of the cam is checked a little, probably in part by distortion of the cam,
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and that it rapidly recovers itself, and by elastic distortion in tbe opposite

direction lifts the stamp faster than the normal rate, and these alterations

succeed each other during the whole lift, after which the cam presumably
recovers itself in the time that elapses before it strikes the next blow.

Fig. 76 shows a curve traced out by a pencil attached to a 900-lb. Sandy-
croft stamp, the ordinates representing vertical movement of the stamp
and the abscissse being time in tenths of a second.

Space-time diagrams have also been taken in actual practice on the Rand/
and show that at 100 drops per minute the total time of each cycle of 0*6

second is divided into rise 0-25 second, fall 0*22 second, rest 0*13 second.

The Rand engineers continue, the stamp, owing to the shock on the cam
striking the tappet, bounds off at a greater velocity than that due to the
speed of the cam, but the energy so imparted is not sufficient for the total

rise
; hence the cam overhauls the stamp and imparts a fresh blow, this

time less violent, but still resulting in a bound on the part of the stamp.
This is repeated sesreral times, until the full height is attained.''* The height

of the rebound of the stamp on striking the ore varies with the thickness

of the layer of ore on the die. Behr’s cam, which is modified in shape so as

to begin to lift the stamp gradually and afterwards to increase the speed of

lift, reduces the shock and wear, but also reduces the number of blows per

minute.^

Screens .
—^The screens are set in wooden or iron frames, which now

usually slide in grooves cast in the mortar, and are keyed to it, but were

formerly fitted into recesses and bolted. The joints are made tight by
blanl^eting. .Screens are made either of steel or brass wire-cloth, or of Russia

sdicet-iron or steel, or tin-plate, in which holes are punched, either round
or consisting of long slots (from J to inch long) ranged parallel or inclined

to each other. The width or diameter of the holes ranges from about ~ to

inch or more, according to the nature of the ore and the method employed
in its treatment

;
the usual size is from about to inch. The relative

advantages of wire-cloth and sheet-iron are not yet beyond dispute, and
vary with the nature of the ore. Slots appear to be better suited for dis-

charge than meshes, but, on the other hand, there is a gTeat loss of discharge

area in the use of punched iron. Thus a wire mesh screen, containing 18 holes

to the linear inch, has 324 holes to the square inch, while a round-punched

sheet-iron screen has only 140 holes of the same size per square inch- Wire-

woven screening is universally employed on the Rand (Smart).

It must be borne in mind that a 20-mesh screen (20 holes to the linear

inch) has apertures of only about 0*030 inch diameter, the exact size depending

on the diameter or gauge of the wire. The “ diameter" of the square aper-

tures, the thickness of wire, the percentage of discharge area, and the number
of holes per linear or square inch are all factors required to be known by the

millman using any particular screen.®

Although iron is the material usually employed for screens, it is often

preferable to use copper, as pyxitic ores, if kept for any length of time after

being mined, soon become oxidised and acidified, and the ferrous sulphate

thus formed corrodes iron rapidly, whilst the water used is often more or

less acid if it comes from mines. Copper is not attacked in the same way.

^ Rand Metallurgical Practice, vol. ii., p. 107. ^ Loc. cit.

^ For details of these, see G. T. Holloway, Bull. Jnst. Min. and Met., Feb. 1905;

also Report of Committee, J. Chern. Met. and Mng. Soc. of S. Africa, June, 1906.
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T. A. Rickard has shown ^ that the life of screens in the mills at Blackhawk,

Colorado, diminishes as the creek is descended, the water becoming more and
more impure. At the South Clunes United Mill, Victoria, iron-punched

gratings lasted less than a week, but, on introducing copper plates containing

100 holes per square inch, the life of the screen was increased to a month,

and 275 tons of ore were passed through it. At Blackhawk the iron screens

last while from 80 to 430 tons are passed through them, according to the

position of the mill. At Grass Valley the average is 200 tons, at Bendigo

134 tons, and at Otago, N.Z., only 40 tons. In California the brass-wire

screens last from 10 to 14 days, corresponding to a passage of 120 to 140 tons,

and the Russia-plate lasts from 15 to 40 days, the average being 30 days,

corresponding to the passage of about 330 tons. The rate of wear of the

screens depends greatly on their position, being more rapid with a shallow

than a deep discharge, and more rapid in a narrow than a wide mortar.

Pieces of iron or wood in the ore may cause the screen to break, and these

should, consequently, be removed from the ore as far as possible. The
battery is hung up now and then, so that a thorough inspection of all the

screens may be made, and those that are broken replaced.

The screens were formerly set vertical, but they are now placed at an
angle which varies somewhat but is never far from 10°, and this has been

found to facilitate discharge. Smart, however, observes ^ that, with ore

containing much wood or other debris, a vertical screen is advantageous in

keeping the apertures from choking. In wet stamping, screens are usually

placed on one side of the mortar only—^viz., that opposite the feeding side.

In cases where the discharge is required to be as rapid as possible, the screen

area is sometimes increased, and double discharge (front and back) mortars

have been made, but have not been used much, except for dry crushing,

and screens at the ends of the mortars are used at Harriettville, Victoria

(Rickard). Caldecott, however, has shown ^ that double discharge mortars

do not give a higher stamp duty, and result only in an increase in the amount
of water required. The area of the screen is usually from 3 to 4 square feet

per battery, the height from the bottom to the top of the screen being from
8 to 10 inches. On the Rand, the screen openings are usually 52 inches long

and 10 inches deep. According to H. T. Pitt ^ the output is increased by
about 5 per cent, by making the screens 22 inches deep instead of 10 inches.

Smart,^ however, states that the portion of the screen area principally utilised

is the lower 3 inches, the upper part of the screen receiving only a small

amount of the splashed pulp. He considers that the ordinary discharge area is

already ample in amount. Opinions are thus seen to differ as to the necessary

amount of screen area to be used. It has been contended that the capacity

of a battery is really limited, not by its crushing, but by its discharging

power. Thus, by a number of experiments conducted some years ago at the

Metacom Mill, California, it was shown that when crushed pulp instead of

the unbroken ore was fed into the mortar, the rate of discharge was not
increased. This was taken as a convincing proof that the discharge area is

usually far too small. Nevertheless, double discharge is hardly ever used

^
Rickard, Eng. and Mng. J., Sept. 3, 1892, p. 224.

“ Smart, Rand Metallurgical Practice^ vol. i., p. 74.
® Caldecott, jT-raiis. Imt. Mnjg. and Met, 1910, 19, 57.
^ Pitt, J. Ghem. Met. and Mng. Soc. of S. Africa, May, 1904, 4, 408.
^ Smart, Rand Metallurgical Practice, vol. i., p. 74.
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for wet cmsliiiig mills, the various objections that are made to it being
summarised as follows :

—

1. Inconvenience is caused in the arrangement of the copper plates, both
inside and outside the battery.

2. So great a quantity of battery w^ater must be used, that the pulp is

too thin for efficient amalgamation on the plates.

3. The ore does not stay long enough in the battery to be effectively

amalgamated, or, according to others, the time of stay and the amount of

output is unaltered.

Order of Fall of Stamps.—^The‘ order in which the stamps drop is of con-
siderable importance. If they were let fall in succession from one end to the
other of the mortar, the pulp would be driven before them, so that the stamp
which fell last would have its die covered by too deep a cushion of ore, while
that at the other end would be almost bare. The result to be obtained is

to keep the ore equally distributed through the mortar, so that each stamp
shall do the same amount of crushing, although it is inevitable that the

middle stamps should be more efficient than the end ones in discharging

the ore. The order most favoured in California is 1, 4, 2, 5, 3, and that on
the Hand is 1, 3, 5, 2, 4, whilst the orders 1, 5, 2, 4, 3 and 5, 3, 2, 4 are

also often used. Several other orders have their advocates, and are probably
little inferior to the above for the particular ores on which they are employed.

Since the end stamps are of less efficiency than the others, it has been argued

that a larger number of stamps in one mortar would be advantageous, and
at Clausthal, in the Hartz Mountains, there are usually from nine to eleven

stamps in a battery,^ placed close together, space being greatly economised
in this way. Long and wide experience has, however, proved that the best

number is five stamps in one mortar.

Feeding.—Ore is fed into the battery either by hand or by automatic

machines. It is often asserted that really intelligent hand-feeding is better

than the automatic method, since the stamps are not all equally efficient.

The feeder on small mills is often expected to break down the big pieces of

ore wiih a sledge hammer, a rock-breaker not being used, but this method
of working may be safely set down as irrational and uneconomical, and the

result usually is that large and small pieces go into -the mortar together.

In the United States and in the Transvaal self-feeders are universally employed
in modern mills. The art of feeding consists in keeping the depth of pulp

on the dies constant throughout the battery, as long as the work is carried

on. This is much better done by automatic machinery than by hand, and
it was found that by the introduction of the former in California the capacity

of the stamps was increased by 15 to 20 per cent., while the wear of shoes

and dies was decreased by 25 per cent., and that of the screens by 50 per

cent. It is not difficult to discern the cause of the advantages, for, if the

dies are insufficiently covered wdth ore, less crushing is done, while a greater

concussion must be taken up by the stamp and by the die, mortar, etc.

If the die is quite bare this concussion is so great that the stem may be bent

or broken, and the shoe and die battered. On the other hand, if the ore is-

too deep in the mortar, there is so thick a cushion that much of the force

is taken up in compression without crushing it
;
whilst, besides the reduction

of output, the head, under these circumstances, sometimes becomes detached

from the stem, which is broken or battered by the next.blow. The maximum

^ Meinecke, Proc. Inst, Civil En(u, 9th Eeb. 1892.
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•capacity is obtained with ‘‘ low feeding,*’ the depth of pulp on the dies being

about 2 inches or less.

One advantage of even feeding is that a larger proportion of gold is caught,

owing to the more regular and even flow of the pulp over the plates, the

danger of scouring being diminished.

&ere are many automatic feeders of diflerent designs. Hendy's Challenge

Feeder, shown in Fig. 77, is a typical machine, and is more widely used than

the others. It is constructed so that the tray, A, below the sheet-iron hopper,

B, is revolved in a horizontaJ plane by means of a gear-wheel placed below

it. The ore is fed into the hopper and the amount passing to the tray, A, is

regulated by a sliding door. The gear-wheel is set in motion by a friction

grip, D, placed on the outside of the frame, and actuated through the lever,

E, by the bumper-rod, 6, against which the feed tappet strikes. This is a

Fig. 77.—Challenge Feeder.

collar clamped to the centre stamp-stem.^ At each partial rotation a given

quantity of ore is scraped off by the stationary wings or side plates, H, resting

•on the tray, A. This amount of ore is regulated by the condition of the

mortar. The machine is especially adapted for very wet or sticky ores. In
general one feeder is sufficient for a battery of five stamps (delivering up to

75 tons per day), more ore being fed to the middle stamps, where the most
work is done, than to the end ones. The feeders are usually suspended from
above instead of being supported from below.

^ For G. 0. Smart’s improvement on the ordinary method of actuating the feeder, see
.J, Ohem, Met. and Mng. Soc, of S. Africa, 1906-7, 7, 133.
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Water Supply.—The water is usually supplied to the stamps by hori-

zontal pipes passing just above the top of the housing of the mortar-box,
or through the front of the box above the head, with one or two feed pipes

or, better, five to each battery. The Eand engineers have added ^ five 1-inch

holes along the back of the mortar-box level with the feed chute, with the
nozzles of the water pipes pointing so as to discharge the water against the

faces of the dies from the back, in order to clean the dies of fine material and

.

increase the output. In front of the battery there is sometimes another
pipe of about half the size, to supply water to the tables to help carry off

the pulp. The feed pipes are often pierced with pin-holes, so that the water
is supplied as a number of fine jets, in order to keep the stems, etc., clean.

The water pipes require to be cleaned out frequently (Smart). The water
should be supplied under a constant head, but even then requires continual

adjustment in amount to follow the changes in the screen used.^

The amount of water used varies from to 14 gallons per stamp per

minute, the average in California being about 2| gallons, on the Eand for-

merly about 5| gallons, but in modern practice, with an output of 20 tons

per day per stamp, 12 or 14 gallons, and in Colorado formerly only about

If gallons. In California, wuth fast-running rapid-discharge batteries, the

amount of water per ton of rock crushed varies from 1,000 to 2,400 gallons,

the mean being about 1,700 gallons, while in Colorado the average amount
is as high as 2,500 gallons. On the Eand the amount of water per ton of

rock varies from 4 to 10 tons, the average being 7 tons or 1,400 gallons (Calde-

cott) for the comparatively fine crushing formerly in use, and about 4| to

5 tons in modern practice with coarse crushing. Eoskelley ^ gives 6 to

7-| tons for the Eobinson Deep in experimental runs. Besides varying with

the method of crushing adopted, the amount of water varies with the natme
of the gangue, clayey ores requiring more, 'while the large quantity required

by sulphide ores is due to the deep discharge necessitated by the difficulty

of catching the gold, as well as to the high density of the pulverised material,

which renders it more difficult to convey in suspension over the plates. As
a rule, the more rapid the output, the less water per ton of ore is required

in the battery. Coarse crushing requires less water in the battery, but, on

the other hand, more has to be added on the plates. The amount of battery

water per ton is increased by over 20 per cent, by the employment of double-

discharge mortars. The amount of water to be added on the plates varies

with their grade, as well as with the density and size of the particles of crushed

ore. It should- be only just enough to prevent the pulp from accumulating

on the plates, as any excess over this tends to check amalgamation and
to scour the plates. Eichards gives ^ the average amount of water used in

21 mills as 2*77 gallons per stamp per minute, or 6*68 tons of -water per ton

of ore crushed. The average duty of a miner's inch in a gold stamp-mill

is given by P. M. Eandall ® as 12 tons of quartz if the head under which

the water is supplied is 4 inches, and 15*88 tons if the head is 7 inches. This

gives the proportion of the volume of water to that of ore as 11*1 to 1. This

may be compared with the proportion of between 7 and 10 to 1 in Siberian

1 F. T. Pitt, J. Ghem, Met and Mng. Soc. of S. Africa, 1907, 8 , 373 ;
Caldecott, Trans.

Inst Mng. and Met, 3910, 19 , 57; Rand Metallurgical Practice, vol. ii., p. S3.

2 Schmitt, Rand Metallurgical Practice., vol. ii.
, p. 130.

3 Eoskelley, J. Chem. Met. and Mng. Soc. of S. Africa, Feb. 1901, 4, 412.

4 Eichards, Ore Dressing, vol. i., p. 222.

3 Eandall, Article on Practical Hydraulics in Sixth Report Cal. State Min., 1886.
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placer working, and as much as 30, or even 50 to 1 in hydraulic mining. It

may be mentioned that a ton of 2,000 lbs. of quartz occupies about 13 cubic

feet when unbroken, and about 20 cubic feet after having been broken up,

so that in a lode a cubic yard contains about 2 tons, and in the tailing heap
only about If tons.

Amalgamated Plates.—^For particulars as to amalgamated plates, mercmy
traps, etc., see Chap. VIIL

Mill Sampling.—It is usual to take samples of the pulp issuing from
the screens, and also after it has passed over the amalgamated plates. The
method adopted at some mills ^ is to catch the whole stream falling from the

lip of the mortar for a fraction of a second. This is done by a trough 6 inches

wide applied by hand. Automatic sampling would be better. In other mills

a portion of the stream of pulp is caught during the whole period of the

run. Sampling troughs, basins, etc., are preferably enamelled inside to

prevent contamination (Smart).

Mill Site.—This should be easily accessible by road, rail, and water, if

possible
;
moreover, it should be near both wood and water, and there should

be a good fall of the ground. The least fall that is considered sufficient in

California is 33 feet from the mouth of the rock-breaker to the floor on which

the concentrators are placed, when rock-breakers are used, followed by
stamps, copper tables, sluice plates, and two successive concentration tables.

If a second concentrator is dispensed with, however, and space otherwise

economised as far as possible, 29-| feet may be enough. There is also the

question of foundations to be considered in connection with the nature of

the subsoil, and also the relative positions of mine-shaft, mill and tailing

dump, if any. Smart points out that a prevailing wind from the dump will

carry dust into the mill and cause trouble with the bearings.

Arrangement of the Mill.—^The general disposition of the machinery is

shown in section in Fig. 78. This represents a mill in which the ore is delivered

from the ore-cars through a grizzly on to the rock-breaker floor, and thence

by a shoot to the automatic feeders of the stamp battery
;
the pulp, after

passing over the plates, is conveyed by sluices to the double row of “ frue

vanners (described in Chap. XI.), which are shown standing back to back
on the lowest floor.

The general design of a modern mill in the Transvaal, the Simmer Deep,
is shown in Fig. 79,^ which shows the back-to-back type of battery with

mortar-boxes direct on concrete, and driven by one motor for every ten

stamps.

Speaking generally, the mill building should be well ventilated and of

ample size to allow space for the work of repairing the machinery and for

exercising supervision, and for the storage of spare parts. Thus, for example,
some space is required behind the feeders. The amalgamating tables should
also be easily accessible, space being left to pass between them, and the

same remark apphes to the sluices and the tables or other appliances for

concentration. H. T. Pitt ^ has suggested that the amalgamating tables

should be separated from the battery by a space of several feet to allow

space for sampling and for repairs
;

the pulp would then be delivered at

the tables by launders. On the Rand, the pulp in some mills passes direct

^ J. Chem. Met. and Mng. Soc. of aV. Africa^ May, 1904, p. 412.
2 Schmitt, Rand Metallurgical Practice, Eig. 56, vol. ii., p, 60.
® Pitt, J. Chem. Met. and Mng. Soc. of S. Africa, 1904, j). 409.







ORE CRUSHING IN THE STAMP BATTERY. 177

from the battery to the tube mills, the amalgamated plates being placed
after the latter, and not in the same building as the battery. All shafts,
bearmgs, etc., should also be easily accessible, so that oiling, relining, and
repairs may be readily done.

The whole of the machinery is contained in a strong building of timber
or steel framing covered by corrugated iron, to protect it and the work-

men from the weather, and to prevent theft of amalgam. On the Band,
theft is further guarded against, under the compulsion of the law, by the
provision of covers to the amalgamating tables. The covers are securely
fastened and can be unlocked and raised when required. The interior of
the mill should be lighted by as many windows as possible, in order to facili-

tate superintendence and repairs. In cold climates, the mill buildings are

12
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sometimes warmed either by passing the flues from the boiler fires through

them from end to end, before leading the products of combustion to the

stack, or by steam pipes.

The tailing is discharged into a sluice by which it is carried into a river,

or into the sea, or run into settling pits, or impounded behind dams, or

elevated and piled in heaps. One of the latter courses is adopted, either

if water is scarce, so that it is necessary to use it over again, or if the discharge

of tailing is forbidden by law. When the tailing is rich enough to be sub-

jected to further treatment, as is almost always the case in modern practice,

it is passed to the cyanide or concentration plant.

For a general discussion of stamp milling, see p. 209.
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CHAPTEE VIIL

AMALGAMATION IN THE STAMP BATTERY.

Amalgamated Plates.—These plates are usually made of copper, and are

as much as | inch thick for the inside of the battery and to inch thick

for the outside. The average weight used in California is 3 lbs. per square

foot. It was formerly laid down as a general rule that the heaviest plates

were the best, as they last longer and are not so easily dented, but com-
paratively light plates are now used. The copper should be of the best quality,

and, if it is hard, it must be annealed before applying the mercury, so as to

make it absorbent. This was formerly done by heating it from below as

uniformly as possible until sawdust laid on the upper surface was ignited.

The plate is then straightened by blows of a wooden mallet, striking a block

of wood laid on it, and the surface is carefully cleaned by scomdng with sand
or fine emery paper until quite bright and free from all traces of the surface

tarnish of oxide and carbonate of copper. It is then washed with strong-

soda to remove all traces of grease. Cleaning may also be efiected by nitric

.acid diluted with 9 parts of water, or by a 2J per cent, solution of potassium
cyanide, rubbed on with a woollen rag and carefully washed ofi with water.

Ab soon as the plate is clean, it is rubbed with a mixture of fine sand, sal-

.ammoniac and mercury by means of a brush, the sal-ammoniac preventing

the recommencement of oxidation. Potassium cyanide is now more often

used than sal-ammoniac, and the sand is sometimes omitted- More mercmy
is sprinkled on and wiped over -with' the brush or a piece of rubber until the

surface is pasty. Care is taken not to make the plate “ wet ” with mercury.

If any drops of mercury appear on the plate losses occm’ through scouring.

If the plates were used in this condition they would not catch the gold

very well at first, but would continually improve until they had become
•coated with gold amalgam. In order to make them efficient from the start,

they are usually coated with gold amalgam or silver amalgam before being

laid down in the mill. Gold amalgam is most effective, but is seldom used,

.as it is so much more expensive than silver. The amalgam is rubbed on with

.a piece of india-rubber, the plate being wetted with a solution of sal-ammoniac
or potassium cyanide to keep it bright. The whole operation is called setting

the plates. According to Eoskelley,^ 16 ozs. of mercury and 6 ozs. of gold

.amalgam are enough for setting a plate 16 feet by 4 feet 9 inches.

Silver amalgam is generally used in the Transvaal. The simplest method
•of making it is to reduce clean precipitated silver chloride with hydrochloric

.acid and iron nails, and after washing and picking out the nails, to rub the

finely-divided silver with mercury in a porcelain mortar.^ The pure amalgam
•of buttery consistency containing the silver in the finest state of division,

Koskelley, J. Chem, Met and 3Inf/. Soc, of S. Africa, Feb. 1904, p. 286.
2 E. H. Croghan, J. Chem. 3Iet and 3Inif. Soc. of S. Africa^ Aug. 1909, 10, 43.
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is applied to the copper plates after the usual scouiing, and some two or three

weeks before the plate is put into commission. The plate is frequently

dressed with the same amalgam during this period. About J 02 . amalgam
per square foot of plate is required. This method gives time for the plate to-

absorb the amalgam, and tarnishing on exposure to the air is thus prevented.

After milling has begun, the coating of silver amalgam is gradually removed
from the plates as gold amalgam is scraped off, but by the time the former

is all gone its place will have been taken by a permanent and equally efficient

coating of gold amalgam.^

A more usual method of preparing the plates in California is to coat

them with electro-deposited silver. This plating is done by certain establish-

ments in California for most of the mills, but it can be done on the spot

without much difficulty, the plant required being inexpensive. After being

silvered, the plates have the mercmy applied to them. They absorb a large-

amount of mercury, catch gold well, and are little trouble to keep clean..

The plates need not be re-silvered, except after scraping and sweating (see

under “ The Clean-up,” p. 193), as they become coated with gold amalgam,

in the course of time. About 1 oz. of electro-deposited silver is required

per square foot of copper plate, but some mills use 2 02s. or more.^ Silvered

plates are not used inside the mortar.

The position of the battery plates is as follows :—The lower edges of the-

inside plates are level with the upper surface of the pulp, when the battery

is working properly

—

i.e., they are usually at or 2 inches above the sm:face-

of the dies. The plate on the feed side is generally about 9 to 12 inches

wide, and is of the same length as the battery
;

it is bolted to the mortar

itself, and its angle of inclination varies with the shape of the latter, so that

the angle of inclination is sometimes 40°, and it is sometimes nearly verticaL.

The plate on the discharge side is inclined at an angle of 10° to 50° to the

vertical, and is as wide as the space below the screen permits, being usually

from 3 to 6 inches wide. Sometinies the plate is curved to fit the chuck-

block and sometimes it is bent. It is fixed to a wooden chuck-block, which
has its top bevelled off so as not to obstruct the screen opening. The block

is bolted to the mortar with some thickness of blanketing between, in order

to make a tight joint. Several sizes of these chuck-blocks, with their copper-

plates attached, are kept in the mill, a wider block being substituted for a

narrower one when the wear of the dies has proceeded to a certain extent..

At the Alaska Treadwell Mill, and at one or two mills on the Eand, the-

cast-steel linings of the mortars were furnished with several horizontal slots

or recesses for the collection of amalgam, and these took the place of the

back copper plates. The front or chuck-plate was, however, retained in

these mortars. This arrangement is shown in Fig. 66 (p. 161). Inside plates

are now generally discarded on the Band.
The outside plates are fastened to a w^ooden table with copper nails, or

wooden clamps, or by wedges driven into the raised edges of the table. The
battery tables are heavy and are unconnected with the battery frame, in

order to avoid excessive vibration due to the stamps. Possibly some vibration

is advantageous. The table is as wide as the battery (4 feet 9 inches to 5 feet),

and usually from 6 to 8 feet long. On the Eand they are 12 to 20 feet long.

In California a length of 2 or 3 feet of plates of the same width, the apron

^ W. A. Caldecott, ibid., 1908, 9, 142.
® RichardR, Oy'e Dressing, 1903, p. 748.
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plates, are interposed between tbe battery and tbe tables proper, on to wbieb
tbere is a di*op of 2 or 3 inches. On the Rand, a steel plate 18 inches long,

flush with the copper plates, receives the ore from the battery. This is to

take np the wear caused by the failing pulp.^ Figs. 80 and 81 show amalga-

mated tables and copper plates as used on the Rand in cases where the

battery screens are of 600 mesh per square inch or finer.- The inclination

of the plates varies from | to 2|- inches per foot (see below, p. 186).

Below the amalgamated tables in California there is often a succession

of fom* or five sluice plates, each about 30 inches long, with drops of 1 to 3

inches in vertical height between them. They are usually made narrower
than the others, and are frequently only 12 or 18 inches wide. This practice

is doubtless due to the traditions as to the treatment of auiiferous gravel

Figs. 80 and 81.—Amalgamating Plate for Stamp Batteries.

in sluice boxes existing vrhen amalgamated plates were first devised and

introduced. It is not to be commended, as the stream of ore and water,

forced into a narrower channel, becomes deeper and flows more rapidly and

tumultuously, with the result that the contact between the ore and amal-

gamated plates is much reduced, and very little gold is caught. The use of

the drops is to assist in catching the float gold and to separate the amalgam
which has become floured and mixed with the pulp.

Drops of 2 or 3 inches are also in use in some mills on the tables proper.

At the Wildman Mill, Sutter Creek, California, for example, there are five

1 Schmitt, Rand Metallurgical Practice, voL ii., p. 171,
2 Schmitt, op. cit, p. 170.
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drops in a total length of 23 feet 9 inches.^ Drops may cause scouring, andy

according to MacFarren, should not exceed to | inch in height.

The use of outside battery plates is advantageous with fine crushing, but

when the screens are of 8-mesh (64 holes per square inch) or coarser, the

scouring action of the pulp prevents the gold from being caught. On the

Eand, where coarse crushing (up to a maximum of J-inch screen apertures)^\

is practised, battery plates have been discarded. The coarse battery pulp is

passed through tube mills and then over stationary plates. In modern prac-

tice, suggested by Caldecott, the product of one tube mill is passed over three

plates, each 4| feet by 12 feet. Two plates are considered to be enough.

Fig;. 82.—Arrangement at the Simmer and Jack Mill.

but the third plate is added as a measure of precaution and to enable two
plates to he in operation whilst the third is being cleaned up or dressed. A
rapid accumulation of black sand {q.v.) takes place. The arrangement at

the Simmer and Jack Mill is shown in Fig. 82,^ and another arrangement
in Fig. 83.^ The area of the plates is greatly reduced by these arrangements,

and is given as only 2 square feet of amalgamated plate per stamp unit,^

as against 15 square feet or more under the old arrangements with far less

output per stamp. This innovation gives less work in dressing and
cleaning-up the plates, and reduces the amount of gold locked up in them.
The amalgam is caught more evenly over the plates, and the daily scrape
is over a greater area, not only over tke top part.

Treatment of the Plates.—In order to keep the plates in proper condition
so that successful amalgamation may be maintained, the closest watch

^ Richards, Ore Dresdng, 1903, p. 733.
® Dowling, Rand Mitallurgical Practice^ vol. i., p. 123.
3 Ibid., p. 129. 4 Gowland, Non-Ferrous Metals, 1914, p. 232.
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must be kept over tliem. The silver-plated copper table is preferred in

California from the ease with which it is kept clean, but is not used in the

Transvaal- It is not considered desirable to put on the plates as much mer-
cmy as they wdll hold, since, if the amalgam is too fluid, losses are sustained

by scouring, but, on the other hand, if the amalgam becomes too hard and
(hy from absorption of gold and silver, further amalgamation is checked
and fresh mercury must be added.

The condition of the inside plates is regulated by the amount of mercury
supplied to the mortar. In Colorado there is an opening at the front of the

battery and above the screen frame, ordinarily covered with canvas, which
can be lifted up by the millman, who introduces his arm, and determines

by passing his hand over the front plate, whether the right amount of mercury
is being added by the feeder. The regulation of the .addition of mercury
is thus efiected without removing the screen frame. Mercury is sometimes
added direct to the outside plates, and sometimes their condition is regu-

lated by the additions of mercury in the mortar-box. The amount added varies

with the conditions of crushing and the richness of the ore, but in general

from 1 to 2 ozs. of mercury are fed in for every ounce of gold contained in

the ore. The finer the state of division of the gold and the more sulphides

there are contained in the ore, the more mercmy is required. It is fed into

the battery at stated intervals of from half an hour to an hom\ In some
mills amalgamation in the battery is not attempted, no inside copper plates

being provided, and under these circumstances it is not usual to feed mercury
into the battery.

The practice of feeding mercury into the battery, although still frequently

pursued, has been more generally discontinued. The objections urged

against it are mainly that the mercury so introduced, and the amalgam
formed through its agency, tend to become so excessively subdivided that

a high percentage is lost through flouring ; moreover the mercm’y is liable

to sicken when the ores contain sulphides. These evils, no doubt, exist,

and tend to increase with the percentage of sulphides present, while arsenic

and antimony in particular cause heavy losses of both mercury and amalgam
if battery amalgamation is attempted, but with ordinary free-milling ores

such losses do not appear to be serious. When coarse free gold is present,

inside amalgamation is probably advantageous, but otherwise outside amal-

gamation is now generally preferred.

The amalgamated plates are dressed as frequently as is necessary, the

length of time allowed to elapse between two operations depending partly

on the richness of the ore. To dress the plates, the battery is stopped by
hanging up the stamps and a flow of clear water continued to wash ofi the

loose sand. The “ black sand ” is swept ofl by brushing from the bottom
to the top of the plate and kept separately for grinding with mercury. Black

sand consists of so-called ‘‘ mixed ’’ grains composed of particles of gold

adherent to particles of pyrite. The gold is amalgamated and adheres to the

plate, which is rendered inoperative for further catching at that spot, owing

to the covering of pyrite.^

The plates are then rubbed with a hard brush so as to soften and dis-

tribute the amalgam, and fresh mercury is added where there are hard spots,

if any. The amount of mercury put on the plates should be enough to keep

their surfaces in a pasty condition, but not enough to gather into liquid

^ Smart, Rand MctaUurffiGal Practice, vol. i., p. Si.
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drops or to run ofi. Sometimes cyanide is added in dressing the plates, to

assist in the removal of stains, but sahammoniac is now seldom used.

As cyanide causes a loss of gold by dissolution, its use has been discontinued

on the Rand, and if any chemical is considered necessary a 10 per cent, solu-

tion of hydi'ochloric acid suffices and is innocuous (Smart). The plates

are dressed once or twice a day, or as often as every two hours when rich

ores are being treated, or when stains tend to appear owing to the nature

of the ore. Usually in dressing’the plates no amalgam is removed, but some-

times a partial clean-up is ejected at the same time, the surplus amalgam
being wiped off with rubber squeegees, working from the bottom to the

top.

On the Rand,^ in 1904, mercury was sprayed on about every eight hours

to the upper 3 feet of the plates, the part that is scraped daily. The mercury

oozing downwards supplied the lower part. Then a solution of 0*08 per cent,

cyanide was sprinkled over the plate, and the mercury was rubbed in with

a hard brush. Afterwards the plate was brushed smooth with a soft brush,

and then washed down.

Discoloration of the Copper Plates.—The plates often become stained

by the formation on them of oxides, carbonates, or other compounds of

copper through the corrosive action of the water and pulp. Ores containing

decomposing sulphides acidify the water and thus cause the corrosion of the

plates, a yellow film being formed on the smface of the metal. The presence

of carbonic acid in the water is equally harmful, but Aaron pointed out

many years ago that the addition of slaked lime to the water neutralises

the acid substances and diminishes the tarnishing. On the Rand sufficient

lime is added to the mill ore-bins or to the mortar-boxes to neutralise the

acidity of the ore and give a distinctly alkaline reaction (Smart), and the

discoloration of the plates is thereby prevented, and the use of cyanide

in dressing rendered unnecessary. The yield of gold by amalgamation is

increased in this way and the clarifying of the returned mill-water facilitated,

but the yield of slime in the cyanide plant is diminished.^ Where hme is

not added, the yellow, brownish, or greenish discoloration, the so-called
“ verdigris,” appears in spots and spreads quickly, especially on new plates,

those which have been silver-plated being less liable to become dirty than
the others

;
whilst when a plate has become covered with a thick layer of

amalgam it is not readily discoloured. WTien these stains appear the plate

must be at once cleaned, as the stained part catches little or no gold. The
chemicals used for the pm’pose have been sal-ammoniac and potassium
cyanide, the operation being conducted as follows :—The battery is stopped,

the plates rinsed with clean water, and a solution of sal-ammoniac applied

to the stained parts with a scrubbing brush, and left covering them for a
few minutes in order to dissolve the oxides. It is then washed off, a solution

of potassium cyanide rubbed on to brighten the plate, and almost instantly

washed off, fresh mercmy being then added if necessary. Janin states^

that long brushing with potassium cyanide is necessary, as otherwise the
spots reappear when the water is turned on. .

The use of cyanide is now unusual, as it has been found to cause serious

losses by dissolving gold. Soda is used to remove grease, and hydrochloric

^ Roskelley, J. Cheni. Met. and Mwj. Soc. of S. Africa, Feb. 1904, p. 287.
^ «T. R. Williarns, J. Cheni. Met. aivd Mwj. Hoc, of S. Africa, 1899, 2, C57.
3 Mineral Industry, 1894, p. 332.
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acid for spots discoloiu'ed by oxide, etc. These reagents are elective and
harmless.

The merest trace of any kind of grease or oil is very prejudicial to suc-

cessful amalgamation, forming a film over the plates and over the little

globules of mercmy, and thus preventing contact between them and the

particles of gold. Grease may consist of the tallow dropped from the miners’

candles, of the oil from the loose steam which is sometimes used to warm
the battery feed-water, or from the bearings of the machinery.

Effect of Temperature on Amalgamation.—By an increase in temperatiue

the wetting of the gold by the mercury and the “ catching ” of it by the

plates is facilitated, as is the coalescing of the globules of mercury.^ This

is due mainly to the reduction in the surface tension of the mercury, which,

contrary to the opinion of Bead, is a property tending to prevent the sinking

of gold in mercmy. Increase of temperatee also causes an increase in the

rate of absorption of mercmy by the gold and by the plates, owing to an
increase in the rate of diffusion. On the other hand. Read points out that

undesirable effects in raising the temperature are the increased solubihty

of harmful salts and a corresponding increase in the precipitation of base

metals into the mercury. This effect both hinders the proper action of the

mercmy and leads to its loss. An increase of temperatm’e softens the amalgam
on the plates, and may cause loss by scorning. Hence Smart states ^ that

the temperatoe of the feed-water should not exceed 80® F, \^Tien the water

is too cold, the amalgam becomes hard and powdery and loss may occur,

whilst its catching powers may be seriously reduced. For this reason, the

feed 'water is warmed by steam in winter in many mills. It is generally

admitted that sudden variations in the temperature of the water should be
avoided.

A comparatively lo-w temperature is often advantageous. Thus, Professor

Le Neve Foster obtained the following results ^ at the Pestarena Mill in

Italy, dming the years 1869-70 :—The average temperatee of the water

supplied to the mill during the six summer months was 52® F., and the

average temperature of the water supphed in the winter months was 39-4° F.,

and yet, in spite of that, and of the fact that the average temperatoe, for

instance, of the month of January, 1870, was as low as 33-6® F., he extracted

3*1 per cent, more gold with the cold water than with the warm. These

figures do not necessarily prove that cold water is better for amalgamation,

as there were in this instance other matters to be taken into consideration,

but they show that amalgamation is possible even when the temperature

of the w^ater is on an average only 39°. The difference in the results in this

case might have been due to the turbidity of the 'water (which was derived

from the glaciers at Monte Rosa) in the summer, and its clearness in wdnter,

or to the fact that the pyrite was more liable to decompose in warm weather,

and so additional sickening of the mercmy was caused in summer.
Read concludes ^ that when the influence of soluble salts in the ore may

be neglected, as high a temperato'e as can economically be maintained,

without variation, is most favourable to successful amalgamation.

^ T. T. Read, Trans. Amer. Inst. Mng. Eng., 1906, 37» 56; J. C%em. Met. and Mng.
Soe. of S. Africa, July, 1906, p. 18.

^ Smart, Hand Metallurgical Practice, vol. i., p. 72.
® Discussion on paper by A. H. Curtis on Gold Quartz Reduction, Proc. Inst. Ciril Eng.,

1892, io8, [ii.], 56.
^ Read, loc. cit.
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Inclination of Plates.—TKe grade or slope of the plates varies with the

nature of the ore to he treated, heavy pyritic ores requiring a higher grade

than light quartz, while the coarser the crushing the steeper must be the

grade. In California the copper tables have an inclination of from 1|- to

2 inches per foot, the apron plates from f to If inches per foot, with an
average of 1|- inches, and the sluice plates from 1:| to inches. The narrower

plates have a lower slope in order to avoid increased scouring action. With
heavily sulphuretted ores a grade of from 2 to 2J inches per foot is used.

On the Band a slope of to 1-|- inches per foot was generally used for battery

plates, with six or seven parts of water to one of ore. It has been found

possible, however, to amalgamate efbciently the tube mill product with only

I-| parts of water to one of ore on stationary plates, but in this case an inclin-

ation of 18 per cent. (2T6 inches per foot) is necessary to prevent the banking

of the sand and the formation of channels on the plates. This is now the

standard grade on the Band for stationary tube mill plates. The steepness

of the grade is of great importance, as on it, and on the amount of water

supplied, the attainment of the necessary contact between the ore and the

plate depends. When the pulp is flowing properly, it travels down in a series

of little waves and ripples, and, in consequence of the friction between the

plate and the film of water in contact with it, the upper portions of these

little waves travel faster than the lower parts, so that the motion becomes
one of tumbling over and over. As a result of this, if the plate is long enough,

every particle of pulp comes in contact with the amalgamated surface, and
the perfect extraction of amalgamable gold, mercury and amalgam is obtained.

Muntz Metal Plates.—The use of Muntz metal (which consists of copper

60 per cent., zinc 40 per cent.) for amalgamated plates at the Thames Gold-

field, New Zealand, is described by Rickard.^ Muntz metal differs from
copper in catching gold well as soon as the plate is amalgamated, not requiring

to be covered with gold- or silver-amalgam before it begins to do good work.

Moreover, the amalgamated surface is very superficial, since the mercury
does not sink in so far as it does into a plate composed of pure copper, so

that only a small quantity of mercury is required to cover it. The result

is that cleaning up is easy and rapid, no iron instrument being necessary,

but rubber being always sufficient. These properties make it particularly

valuable for custom mills, where it is desirable to catch as much as possible

without mixing the amalgam obtained from two parcels of ore crushed in

succession. On the other hand, as it holds little mercury, it cannot absorb
much gold, and must be cleaned-up at frequent intervals.

The mercury on Muntz metal plates does not suffer so easily from “ sick-

ening ” as that on copper plates ; it has been suggested that this is due
to the electrolytic action of the copper-zinc couple, which sets free nascent

hydrogen, and so reduces the compounds of mercury and other metals which
have been formed. It follows that Muntz metal plates are preferable for

ores containing large amounts of heavy sulphides or arsenides. The greenish-

yellow stains (called “ verdigris ” by millmen) which are formed on copper
plates when grease and other impuriries are present in the battery water,

do not appear when Muntz metal is used, and such discolorations as occur
on these plates can be better removed by dilute sulphuric acid than by
potassium cyanide. At the Saxon Mill, New Zealand, the copper plates

formerly requhed 7 lbs. of cyanide, costing 23s., per month to keep them

^ T. A. Rickard, Milliwj of Gold Ores, pp. 179-182.
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in ordeij while the Muntz metal plates, by which they were replaced, could

be kept clean by 5 lbs. of sulphuric acid per month, the cost being 3s. 4d.

It is stated, however, that, in the treatment of highly acid ores, which have

been weathered for some time so that they contain large quantities of soluble

sulphates, or in cases where the battery water contains acids, copper plates

are less ahected than Muntz metal, over which a scum is rapidly formed.

In the Thames Valley, N.Z., Muntz metal is preferred in spite of the extremely

acid nature of the water and ore.

In dressing new Muntz metal plates the following method is adopted

in New Zealand The surface of the plate is scoured with fine, clean sand

;

then it is rinsed with water, and washed with a dilute (1 to 6) solution of

sulphuric acid. Mercmy is then applied and rubbed in with a flannel mop

until it wets the surface of the plate (i.c., amalgamates with it) in one or

more places, after which the mop is given a circular movement, passing

through these spots, until the amalgamation of the smiace spreads from

them over the whole plate.

The discoloration of the Muntz metal plates is prevented by the weak

electric current produced by the Cu-Zn couple, as has been aheady stated.

The same efiect, according to Aaron, can be obtained when ordinary copper

plates are in use, by placing them in contact with iron or some other metal

which is positive to copper. Strips of iron bolted to the top and sides of the

plate are said to be suffiicent for the purpose, the copper being in that case

unafiected by the acidity of the water, which causes oxidation and dissolution

of the iron only. Janin's experience does not support these views.

Shaking Copper Plates.— shaking copper plate has been recommended

to be used either below or in place of the ordinaiy amalgamating tables,

especially in cases where these do not appear to give good resnlts. An
ordinary fixed copper plate requires an inclination of from 1 to 2 inches per

foot, in treating battery pulp, in order to keep it clear of sand, when the

plate is of the same width as the battery. If, however, the plate is subjected

to a short rapid shake, the sand is kept from packing, and amalgamation

is well performed with a grade of only J to inch per foot, or the amount

of water needed with the pulp may be greatly reduced and better contact

thus obtained. For these plates, silver-plated copper is the material em-

ployed. They are affixed to a light wooden frame which is moved by a

crank-shaft, revolving 180 to 200 times per minute, placed on one side, with

a throw of 1 inch at right angles to the direction of the flow of the pulp. In

some mills, a longitudinal shake is given to the plate instead of this side shake.

The frame may be hung on rods from above, but is more converdently sup-

ported on four short iron springs, forming rocking legs. The width of the

tables is made as great as possible, while the length is of less importance,

as, the thinner the current of pulp flowing over them, the better the chance

of the gold particles coming in contact with the plates and being retained.

These shaking plates w^ere first used in Montana in 1878, and have since

been employed at several Californian mills. It is advantageous to add to

them an amalgam- and mercury-saver. A simple device for this purpose

is to nail a strip of wood, half an inch thick, across the copper plate near

the top, thus forming a shallow riffle, the angle of which is soon filled with

sulphides and coarse sand, which are kept in agitation by the movement of

the table. This is stated by W. McDermott and P. W. Duffield^ to be the

1 McDermott and Diiffield, Gold Amalgamation (London and New York, 1890), p. 16.
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most elective contrivance yet

devised for catering quicksilver

and kard amalgam. If the inside

copper plate should become hard
by accident or neglect, chips of

amalgam escaping through the

screens are retained in this riffle,

and, becoming spherical by rolling

up and down under the effect of

the shaking motion, increase in

size just as a snowball does when
rolled in snow.

In 1904, P. Carter^ described

the shaking plates used below the

ordinary plates at the Ferreira

Gold Mine. Each plate caught an
average of 15*05 ozs. of fine gold

per month. Each ordinary plate

at the same time was catching

nearly 400 ozs. per month. Two-
thirds of the values caught on the

^ shaking plates came from black

^ sands. The plates were 11 feet

H long by 4 feet 6 inches wide. They
,1° were fixed on old Frue vanners, and

had a fall of 4 inches in 12 feet.

3 Shaking plates were in general

use for some years on the Eand to

amalgamate the tube mill pro-

duct, although by 1914 they had
been generally displaced by
stationary plates. In these tube-

mill shaking plates, “ the copper

plate is usually fg- inch thick, 5

feet wide and 12 feet long, and is

mounted on a light frame, gener-

ally of timber, with a timber cover

^ inch to 1 inch thick to form a

bed for the copper plate. The
table frame is carried on eight ash

springs, and the shaking motion
is obtained by an eccentric having

a l-inch stroke, and driven by a

countershaft at 200 revolutions per

minute. The power required is

less than H.P. Fig. 84 shows a

complete shaking table.’’ ^ The

^ Carter, J. Chem. Met. and Mnej. Boc.

of B. Africa, May, 1904, p. 405.
2 Schmitt, Rand Metallurgical Prac-

tice, vol. ii., 1?. 173.
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grade was usually 10 per cent., enoi^li to assure tiie free flow of the diluted
tube-mill pulp, which was in the ratio of 1 part of sohds to 2-|- parts of water.

Fig. 85.—^Arrangement of Shaking Plates with reference to the Tube-Mill. All

Plates on one level.

The number of shaking plates was about five in parallel to each tube milL
The pulp was distributed evenly over. the centre width of the plates by
branched pipes and perforated boxes. The arrangement of the plates with.

Fig. 86.—Ash Spring for Shaking Plates.
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xeference to the tube mill is shown in Fig. 85.^ The ash springs were placed

in a vertical position at the City Deep plant, an improvement on the arrange-

ment shown in Fig. 86.^ The area of shaking plates was about 1|- square feet

per ton of ore milled per day.

Mercury Traps.—^Another method of saving mercury and amalgam,

which would otherwise be lost in the tailing, consists in the application of

mercury wells or riffles. A mercury well consists of a shallow gutter filled

with mercury, over the surface of which the pulp flows or through which

it is forced to pass by suitable machinery. Attwood’s amalgamator, formerly

much used in California, was a machine of the latter class. Such wells or

traps are usually placed between the successive plates, the pulp dropping
from the end of a plate on to the surface of the mercury in the well, and then
passing on to the next plate. The practice of placing a well between the

•screens and the amalgamating tables has been condemned, as it prevents

Ibid, p. 175. 2 Schmitt, ibid, p. 174.
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proper supervision being kept over tbe feeding of mercury into tbe battery,

over-feeding being difficalt to detect under these circumstances. Large
particles of amalgam are caught in mercury traps, but finely-divided or

floured mercury or amalgam are carried over and escape (Smart). For
the work of classifiers as mercury' traps, see Chap, XL

On the Band,^ the pulp overflowing the lower edges of the amalgamated
plate falls into a short transverse launder secm^ed to the table frame, and
sloping slightly from either side to the centre. At this point the tailing-

pulp escapes through a short vertical pipe, the upper end of which projects

about an inch above the bottom of this transverse launder, which constitutes

the -first amalgam and mercury trap. The vertical pipe usually delivers

into another (circular) mercmy trap (Fig. 87),^ after which the overflow

enters the main tailing launder.’'

Sodium amalgam is used to revivify sickened mercury, or to maintain it

in good condition. It is prepared by heating a basin or iron flask of mercury to

about 300° F., and dropping in little pieces of sodium not larger than a pea,

one by one. Each addition causes a slight explosion and a bright flash of

flame. The sodium may be addedwith less loss and less danger to the operator

if the mercury is kept at a somewhat lower temperature and the sodium
stirred into the mercmy with an iron pestle or pressed below its surface

with a spatula. When about 3 per cent, of sodium has been added to the

mercury, the reaction becomes less active and the amalgam is then pom:ed
out upon a slab or shallow dish, allowed to cool and solidify, and then broken
up and kept in stoppered bottles under naphtha. WTien it is necessary to

revivify a quantity of mercmy, a few small pieces of the amalgam are added
to it and stirred in, or are previously dissolved in clean mercury before being-

added to the impure stuff. The strong afldnity of sodium for oxygen, chlorine,

etc., enables it to reduce the oxides and other compounds of the base metals

which are coating the mercury globules. The sodium hydroxide passes into

solution, neutralising part of the acidity of the water at the same time.

The base metals are redissolved by the mercury which is then in good con-

dition to take up the precious metals or to be caught on amalgamated surfaces

or in riffles, but the mercury is not really p-urified and the base metals in it

are soon oxidised again. Sodium amalgam is not much used except in amal-
gamating-pans or in mercury wells or riffles, or in cleaning retorted mercury
—^,e., wherever large bodies of mercury can be directly acted on by it. It

is of comparatively small value when added to the mortar of a stamp battery,

although this use of it is not unknown. The use of electric currents, galvanic

couples, etc,, has an effect similar to that of sodium amalgam.
Galvanic Action in Amalgamation.—In amalgamation in the mortar, on

plates, or in pans, not only are free metals absorbed, but the dissolved salts,

and, to a less extent, the insoluble compounds of the heavy metals, are

reduced and amalgamated, chiefly by galvanic action. The copper of the

plates, or the iron of the mortar or pan, constitutes the positive element,

and all metals less oxidisable than this reacting metal are reduced by it,

and are then amalgamated by the mercury. In this way iron reduces both
lead and copper, although, if these are present in the form of undecomposed
sulphides, this action will be very slight. Now, if lead is introduced into the

amalgam, the latter becomes pasty, and is subjected to considerable losses,

and copper has an equally harmful effect. It is for this reason that the

^ G. 0. Smart, Hand Metallurgical Practice, vol. i., jd. 76. 2 Ibid., p. 77.
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arrastra is found to be better tban the stamp battery or even the pan for

certain plumbiferous ores. This action of iron is of course enormously

increased if the ores are subjected to a chloridising roast before being amal-

gamated, as in the Reese River process for the treatment of auriferous silver

ores.

In some mills, this galvanic action has been increased by the passage of

a weak electric current through the charge by means of a dynamo. The
amalgamated plates or the walls of the pan are connected with the negative

pole, while the positive pole is formed of a plate of graphite, lead or iron

dipping into the pulp. Under these conditions the mercury is still further

protected from attack, and remains bright and lively, but the deposition of

base metals in it is favoured, and the stronger the current the more this action

is induced. Consequently, such methods are attended with the best results

when dealing with ores containing little or no copper, lead, etc., since in these

cases the strength of current can be increased, and the mercury kept clean,

without any ill effects. The principle is made use of in Bazin’s centrifugal

amalgamator, Molloy’s hydrogen amalgamator, and other similar machines.

An electro-chemical amalgamator was described by G. Warnford Lock in

1892.^ Further experiments in California ^ showed that with a small current

good results are obtained by adding a solution of mercuric chloride to the

pulp, when mercury is electro-deposited on the plate. If common salt is

added sodium is deposited. The amalgam formed is tenacious and bright,

resisting scouring. The method may be used in the sluices of placer workings.

Designolle Process of Amalgamation.®—In this process, which may be

conveniently referred to here, as the principle is worth bearing in mind, a

solution of mercuric chloride is used. It was tried at the Haile Mine, South
Carolina, the method being as follows :—Charges of 600 lbs. of roasted ore

were placed in cast-iron barrels with 1,000 lbs. of cast-iron balls, or in pans.

The barrel was partly filled with water, and 1 gallon was added of a solution

containing 1*7 per cent, of mercuric chloride, the same amount of hydro-
chloric acid, and twice as much salt, if the ore contained less than 15 dwts.

of gold per ton. This would be equivalent to about 10 parts of mercury to

1 part of gold. The barrel was rotated for twenty minutes and then dis-

charged into a settler, and the suspended amalgam caught on copper plates.

The mercury was supposed to be reduced by the iron thus

—

HgCl^ + Fe-FeCl^+Hg,

and the metallic mercury thus freed amalgamated with the gold. If no
common salt was present, some merciuous chloride was formed according

to the equation

—

2HgCl2 -b Fe = Hg^Ci^ + FeClg,

and the subsequent reduction of the insoluble calomel by iron was not com-
plete. Hydrochloric acid was supposed to hasten the amalgamation by setting

up some electrolytic action.

The total cost of the process at the Haile Mine was said to be only 35 cents,

or Is. 7|d., per ton, but it was abandoned when the percentage of iron in the

^ Lock, Trans. Just. Muf/. and Met, 1892, I, 215.
2 E. E. Oarey, Ifinitiff j., May 15, 1909, p. 617.
3 This account is abridged from that given by Louis Janin, Junr., in Mineral IndusttaL

1894, p. 316.
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material under treatment increased, owing to improved methods of concen-

tration. Large quantities of oxide of iron were then amalgamated, and ren-

dered the resulting mass harder to treat than the ore itself. By repeated

washing-, settling, and regrinding with fresh mercmy, it could be partially

purified, but not without a loss of gold. It is stated that 87 per cent, of the

gold in the ore was extracted.

The Clean-up.—The amalgam, both on the inside and outside plates, does

not accumulate evenly, but in ridges and knots which serve as nuclei for the

collection of more. It is not advisable to allow the coating of amalgam to

become very thick, since, although the plates catch better as the amalgam
accumulates, losses may be experienced by scouring. The removal of amalgam
takes place as often as necessary, once a day being the rule on the Hand, but
both longer and shorter intervals are not uncommon in either districts,

dependent on the richness of the ore.

The operation usually consists in the removal of the black sand, followed

by a vigorous brushing over all parts of the plate with a stih brush, mercury
being sprinkled on at the same time and the amalgam thoroughly softened

throughout. The amalgam is then removed either by a sharp-edged piece

of hard rubber or by scraping with broad flexible steel scrapers, such as that

shown in Fig. 88, care being taken not to scratch the plates.^ In some

Fig. 88.—Scraper for removing Amalgam from Plates.

mills scraping is not thought advisable on the ground that it may lead to

too close removal of the amalgam, leaving the plate liable to discoloration.

Scraping is universal on the Band, according to Smart.^ The scraping of

the outside plates usually takes from ten to fifteen minutes for each battery.

The amalgam so obtained is ground with more mercm’y in a clean-up pan
in order to soften it, the skimmings from the mercury wells, etc., being

added to the charge. The inside plates are not scraped until the amalgam
stands up in ridges on it ; the operation may be necessary as often as twice

a week, but it usually takes place twice a month, when a general clean-up

is made.
In cleaning-up, the stamps are hung up, two batteries at a time

;
the

screens, inside plates, and dies are all taken out and washed in tubs ;
and

the ‘‘heading,’' or contents of the mortar, consisting of the pulp, mercury,

sulphides, and pieces of iron and steel, amounting in all to a quantity suffi-

cient to fill two or three buckets, is carefully scraped out and panned or

fed into the mortar of one of the other batteries, which has not ,yet been
cleaned up. In California, the heading from the last batteries is panned,

^ Rand Practice^ vol, i., p. 83.

2 Smart, 'o'*. rit.

13



194 THE METALLURGY OF GOLD.

the iron removed with a magnet, and the remainder ground with mercmy
in the elean-up pan. G. 0. Smith states ^ that mortar-box sand, as well

as the sand from mercury traps and from w^ashing the screens, is very

rich, and must be ground with mercury in a clean-up pan. Eoskelley ^

considers that mortar-box sand from 10-dwt. rock would contain about

10 ozs. of gold to the ton after a three months’ run. Amalgam is found

adhering to the inside of the mortar and to the dies, and is carefully detached

and added to the clean-up pan. Hard amalgam is removed with a chisel,

care being taken not to lay bare the copper surface. Fresh mercury is then

added, and brushed over the plates, which are finally smoothed with a soft

brush. After the plates have been redressed, the batteries are restarted,

and the next ones stopped and cleaned up. Three men can clean up forty

stamps in from five to seven hours, ten stamps being thus idle for the whole

of this time.

The amalgam obtained from the batteries, outside plates, mercury wells,

or sluices, is rarely clean enough for immediate retorting
;

it is usually found

to contain mixed with it grains of sand, pyrite, magnetite, and other minerals,

together with fragments of iron and other foreign substances. The skimmings
from mercury wells are still more impure. These materials must be purified

by grinding with fresh mercury and washing before they can be passed to

the retort. The scraps of iron consist of fragments of shoes, dies, shovels,

picks, hammers, and drills
;

they are knocked about in the mortar until

a quantity of gold and amalgam has been driven into their interstices. At
the Jefferson Mill, Yuba County, California, about | ton of such scrap, picked

out by hand or with a magnet, had accumulated in 1885. It was attacked

with warm dilute sulphuric acid until the surface had all been dissolved ofi,

and the residue was then well washed, and gold to the value of $3,000 thus

recovered. The shoes, dies, etc., which were too large for this treatment,

were boiled in water for half an hour, and then struck with a hammer, when
the gold dropped out.^ On the Hand the die sand is passed through a

screen of about four holes to the linear inch, which removes the larger pieces

of iron and steel and ore. The ore is returned to the mortar-box and the

coarse pieces of iron and steel sold as battery chips. The finer sand, etc.,

is treated in the clean-up barrel or tube mill.^

In small mills the dirty amalgam is ground in a mortar by hand with fresh

mercury and hot water, until it is reduced to an even thin consistency, when
the dirty water is poured ofi, and the mercury poured backwards and forwards
from one clean porcelain basin to another until the pyrite, dirt, etc., have
risen to the surface, when they are skimmed ofi. The skimmings obtained
are put back into the mortar, and re-ground by themselves with fresh mercury.
The clean mercury is then squeezed through canvas or wash-leather, when
the greater part of the gold and silver contained in it, together with about
one and a-half times its weight in mercury, remains in the bag, the rest of

the mercury, with a small quantity of the precious metals dissolved in it,

passing through. The amalgam is now often squeezed in an amalgam press,

^

the excess mercury being expelled through a perforated disc covered with
duck, by means of a plunger worked by a screw.

^ Smith, J. Chem. Met. and Mn<j. *^oc. ofK Africa^ June, 1904, p. 454.
2 Eoskelley, op. cit.^ Aug. 1904, p. 53.
3 Sixth Report Cal. State Mineralogist^ 1886.
^ Smart, Rand Metallurgical Practice, vol. i., p. 88.
® See Smart, loc. cit. for details.
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In large mills a clean-np revolving barrel is often empioj^ed to mk the
amalgam. Fig. 89 ^ is a section of a cast-iron barrel in use on the Eand.
At the Plumas Eureka Mill, the barrel is 3 feet in diameter and 4 feet long,

and revolves twenty times a minute
;

the charge is 700 lbs. of amalgam
and 20 lbs. of mercury, or more if the amalgam is very rich. A dozen or more
iron balls or pieces of iron, such as worn-out battery shoe shanks, are put
into the barrel, together with sufficient mercmy to yield a fluid aniaigam,

when grinding is complete, and enough water to make a thin pulp. The
use of the iron is to help to mis the amalgam and mercury, but it causes

some loss by flouring, and is omitted in Australian mills. After being revolved
for from two to twelve hours, or until the amalgam has run together and the
sand ground to slime, the barrel is opened and washed out with water, the
tailing being run over amalgamated plates and through a niercuiy well or

some other form of amalgam-saver (a large power-driven batea being used
on the Rand), after which the amalgam is scooped out of the barrel and
squeezed in wash-leather.

The Clean-up Pan is also extensively used. One of the oldest in use in

the United States, the Knox Pan, is still a great favourite, especially for

treating battery sand, skimmings, etc. It consists (Fig. 90) of an iron pan
5 feet in diameter and 14 inches deep. Wooden or iron shoes are attached

to the arms, g, which make from twelve to fourteen revolutions per minute.

Iron shoes are considered better for brightening or polishing the particles

•of gold contained in the pyrite, and so rendering them fit for amalgamation.
The charge for this pan is about 300 lbs. of impure amalgam, mercury, con-

•centrate, skimmings, etc. The charge is made into a pulp with water and
ground for three or four hours, after which more mercury is added, and mixing
is carried on for a few hours longer, before the pulp is diluted, settled, and
•discharged. The tailing suspended in the water is usually passed over

amalgamated plates, and is then often caught in settling pits, and either

sold or subjected to further treatment on the mill, as it is frequently

of high value. The mercury is squeezed through canvas, and the amalgam
retorted.

^ Smart, Band Metallurgical Practice^ vol, i., p. So.
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At tlie Simmer and Jack Proprietary Mines, wliere tlie mill contains’

280 stamps, tliere are five clean-up pans 36-1- inclies in diameter by 13|- inclies-

deepJ
On the Rand, ** the tailing from pans, barrel and batea, and the poorer

sand is fed to the clean-up tube mill, which is the final clean-up grinding

machine, and through which all tailing obtained dming the clean-up should

be finally passed.” - The clean-up tube mill is a miniature tube mili,^ about

6 feet long and 4 feet in diameter, fed by hand. The outfiow passes over a

small shaking amalgamated plate, and thence to a settling box. The overflow

from the box is slime, which is treated with cyanide in a small air agita-

tion vat (Fig. 91),“^ and thence after decantation to the ordinary cyanide-

slime plant.

The position from which the greater part of the gold is obtained in a clean-

up varies according to the ore and the method of treatment. In California

from 50 to 80 per cent, of the gold saved is caught on the single plate inside

the battery, the remainder being caught on the outside plates and the sluice
plates, or being contained in the concentrate. In the Grass Valley, at the
Original Empire and the North Star Mills, from 70 to 85 per cent, was caught
inside the battery. The amalgam from the battery plates is usually richer
than that from the outside plates, especially if the gold is coarse. The reason,
for this is that coarse gold, being easily amalgamable, is almost all caugbt on
the inside plates, while fine gold, even if amalgamated in the battery, forms-
a more fluid amalgam which passes through the screens and is caught outside.,
For the same reason, amalgam from near the top of the tables is richer

^
John Yates, MetallurgicaZ Engimtring on the Ea7id (1898), p. 47.

“ Smart, Hand Metallurgical Practice, vol. i., p. 88.
® See below, Chap. x.
^ Smart, he. cit
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than that from the bottom. Coarse gold forms a richer and stiher amalgam
than fine gold, for the reason aheady given on p. 43. At the two mills last

named the value of the plate amalgam was §4.50 per 02 ., and that of the

battery amalgam §8.50 per oz. According to Peplar/ the amalgam caught

on inside plates is of very low grade, on account of the large percentage

of iron that amalganiates*^ on them. Eoskeiley ^ found at the Eobinson

Deep Mine, where inside plates are not used, that 95 per cent, of the

gold saved by amalgamation was caught within 3 feet of the top of the

table.

Steaming and Sealing Amalgamated Plates.—In spite of ordinary cleaning-

up, amalgam gradually accumulates as a hard scale on the plates, and is

removed perioScally by steaming or otherwise heating them before they are

scraped. At the North Star MUl, California, the plates are occasionally im-

mersed in boiling water so as to soften the amalgam before they are scraped.

On the Band the plates are generally steamed and scraped every three or four

months, according to Smart. “ Steaming is carried out by placing a wooden
cover over the whole surface of the plate and introducing steam through

a f'inch pipe in the middle for from 10 to 15 minutes. The oover is then

removed and the amalgam scraped from the whole of the smface before

the plate cools.'’ ^ Mercmy is then applied to the plate while it is still warm.
The plates are sometimes “ sw^eated " in California by heating them over a

wood fire before they are scraped. At the Empire Mill, Grass Valley,

California, the sweating of the outside and apron plates of four batteries

produced bullion to the value of §19,000.^ These plates had been in use

for eighteen months, and the ore which had been run over them averaged

18 dwts. of free gold per ton. After scaling and sweating, the plates

may require replating, especially if they are scoured with sand to help in the

removal of the amalgam. In course of time they are worn out, the copper
becoming brittle and wmim into holes, but they usually contain enough gold

when discarded to pay for a new set.

Several methods are in use for recovering the gold from old plates. For
example, they may be dissolved in nitric acid, when the gold is left nearly

pure. A more economical method of detaching the gold, much used in

Australia, is described by W. M‘Cutcheon,^ as follows :—^The plate is placed
on the hearth of a reverberatory furnace, or on a fire made with logs in the
open ail', and the mercury expelled at a gentle heat. If the temperature is

too high, the gold sinks into the copper at once, and the copper must then
be dissolved. After the mercmy has been driven oF, the plate appears to
be more or less coated with gold on one side. This smdace is treated with
hydrochloric acid for eight or ten hours, and the plate is then replaced on
the hearth and exposed to a dull red heat until well blackened. On plunging
it into cold water, the gold now scales o:ff, and is collected and freed from
copper by boiling in nitric acid.

^

The method in use on the Eand for scaling plates before putting them
aside is described by I. Eoskeiley® as follows:—^A mixture of

j
lb. sal-

ammoniac, I lb. nitre, lb. hydrochloric acid, and a pint of water is applied
to the plate with a soft brush, and allowed to stand for about fifteen minutes.

^ Peplar, J. Chem. Met. and Mng. Soc. of S. Africa^ May, 1904, p. 402.
“ Eoskeiley, op. cit, Feb. 1904, p. 287.
® Smart, B>and Metallurgical Practice^ vol. i., p. 84.
^ Eighth Report Gal. State Mineralogist, 1888, p. 714.
^ Private communication. 6 Pvoskelley, loc. cit.
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iiterwards tlie plate is heated over a good fire. WTien it has become quite

black, which will be in about half an hom*, it is dipped into a bath of water,

when the scafing can be washed ofi. Some millnien chive off the mercury
before applying the above mixtui*e

; others do so afterwards. Should all

the sealing not come off, the parts needing it are treated over again. The
scalings are afterwards collected and mixed as follows :—1 part sealings,

1 part sulphur*, 1 part borax, and 1 part sand. This is ineited in a crucible

and the gold extracted. Smart ^ gives the charge for the crucible as, scales

100 parts, borax 50, sand 25, and manganese dioxide 8 parts, \ielding gold

bullion 800 to 900 fine.

The methods given in this section are instrumental in recovering the gold

amalgam which has accumulated ” on the copper plates.- It is this accumu-
lation which is in part responsible for the poor retiuns from new mills, usually

ascribed to “absorption by copper plates.” Thomae quotes figui“es showing
that the usual absorption is about I oz. of gold per square foot of plate, most
of which is taken up in the first fortnight. Wilkinson ^ found that after a

long run some plates in a Rand mill yielded by scaling 36*8 ozs. of fine

gold, the total area of the plates being 191 square feet. Halse found in a

mill in Columbia that from 3 to 5 ozs. of gold per square foot of electro-

silvered plate accumulated as scale in about two years.

Old copper plates are usually melted down and sold to refineries, where
they are useful for mixing with gold and silver bullion in making-up the

alloy for parting. They always contain absorbed gold which cannot be

removed wfithout destroying the plates. The total amount is less than

I oz. per square foot of plate (Thomae).^ Read has shown ^ that the rate of

absorption is greater with higher temperatme, and is greater in ordinary

plates than in electro-silvered plates.

Retorting.—The solid amalgam, which is retained in the canvas or wash-

leather filters, usually contains from 30 to 15 per cent, of gold and silver,

according to the state of division of the gold present in the ore, and also to

the degree of care exercised in squeezing out the excess of mercury. For
separating the gold from the mexcm*y there are two kinds of retorts in general

use—^the ‘pot-shaped retort, which is sometimes cast with trunnions to swing

on supports, in small mills
;
and the cylindrical retort, shown in Fig. 92,

in larger mills. In Figs. 93 and 91 ® the retort fui'nace in use on the Rand
is shown

;
the cylinder is 5 feet 3 inches long and 12 inches in diameter.

The pasty amalgam is rolled up into balls or kneaded into cakes, and
squeezed into the pot-shaped retort, and often rammed down with a bolt-head,

although this coui*se is deprecated by some nietallm*gists, who prefer to leave

the amalgam as spongy and open in textoe as possible, believing that a

uniform product is thus obtained more rapidly at a lower temperature and
without so much loss. In the horizontal retort the amalgam is placed in

iron trays divided into compartments by partitions. In either case, the

retorted metal is prevented from adhering to the iron, either by laying it

on three or four thicknesses of paper, the ashes of which remain beneath

^ Smart, loc. c-it.

2 W. E. A. Thomae, Tram. Imt. 3fnf/. and Met, 1908, ij, 482 ;
E. Halse, ibid., p. 486.

2 Wilkinson, ibid., p. 493.
^ See also R. T. Bayliss, Eng. and Mng. J., Aug. 11, 1906 ;

Tram. Amer. Imt. Mng.
and Met, 1896, 26. 33, 1048.

^ Read, Tram. Amer. Inst. Mi^g. Eng., 1906, 37* 06 .

® Smart, Rand Metallurgical Practice, vol. i., p. 92.
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tlie amalgam, or by covering the ii*on trays with a coating of lime white.

The mercury is condensed in cooling tubes passed through water
;
the loss

by volatilisation is usually very small and may be taken as being about

one grain of gold per pound of mercury.

The charge is heated slowly until the boiling point of mercury is reached,

when the fire is checked, and the retort kept at an even temperature for

three or four hours, or until the hulk of the mercury has been diiven ofi.

The retort is then raised gradually to a bright red heat to expel the remainder ;

after cooling, it is opened, the trays withdrawn, the retorted metal loosened

by a chisel, if necessary, and turned out on a table.

In retorting amalgam containing considerable quantities of base materials,

there is a danger of the vent being choked up by condensation of solid material

The retort should he so arranged that a rod can be passed through the con-

densing pipe so as to clear it of obstructions, if necessary. The front of the

retort is luted on carefully with chalk or wood-ashes and salt, and firmly

Fig. 92.—Cylindrical Amalgam Retort .

clamped with an asbestos joint, so as to be quite tight, otherwise a loss of

mercury is incurred. In all retorts the lid is turned and ground so as to
fit on perfectly. The condensing pipe should not have an open end dipping
freely into water, as in that case a sudden cooling of the retort would cause
the water to he sucked in, and an explosion wmuld occur. The open end
of the pipe may be enclosed in a bag of sacking or rubber immersed in water,
or the pipe may be continued by a piece of sacking which dips under water.

The pot-shaped retort requires no brick fittings, and can be heated over
an assay furnace or forge fire, or in a fixe built on the ground, when it is

placed on a tripod stand. In the latter case the fixe is lit at the top and burns
slowly downwards. The pot-shaped retort is not filled to more than two-
thirds its capacity, and must be heated very gradually at first.

The retorted metal is porous and from 500 to 950 fine in gold, the re-
mainder being in general chiefly silver, with base metals and sulphides in
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smaller quantities. The gold is melted in crucibles witk sand, carbonate of

soda and borax, and su&rs a furtker loss in weigkt, due to tke slagging

oft’ of oxides, eartky impurities, etc., and to tke volatilisation of a small

quantity of mercury, wkick is obstinately retained until tke melting takes

place. "Rickards states ^ tkat if tke amount of mercmy is to be reduced

below 1 or 1-J- per cent, in retorting, a wkite keat must be used, by wkick

tke retorts are damaged and soon worn-out. Additions of nitre, corrosive

sublimate, etc., are not to be recommended. Tke melting of bullion is dealt

witk fully in Ckapter XYIII. Tke loss of weigkt in melting is given by
Rickards- as 1'5 per cent, at tke Homestake Mill and 7 per cent, in tke

Oaledonia Mill. It is given by Smart as 0*5 to 1 per cent, on tke Rand.^
Part of tkis loss consists of gold and silver retained by tke slag wkick is

either remelted or passed to tke stamp mill or clean-up barrel.

Loss of Mercury.—Tke loss of mercury in stamp milling is due to (1)
‘‘ flouring,’’ or minute meckanical subdivision, due to excessive stamping
or grinding, and (2) sickening,” or extreme subdivision caused b}'' ckemical

means. ^ In tke latter case, a coating of some impurity is formed over tke

minute globules of mercury, wkick are thereby prevented from coalescing,

from taking up gold and silver, or from being caught by tke plates and
wells, as tke coating prevents all contact between tke mercury and other

bodies. Tke impurity may be an oxide, sulphate, sulphide, or arsenide of

some base metal, either originally present in tke mercury, or taken up
from tke ore by it; occasionally tke mercury itself may be partly con-
verted into a sulphate or other salt, although tkis latter condition is not
common. Tke employment of pure mercmy, containing no base metals-

dissolved in it, will reduce tke loss due to sickening, but suck pure
mercury is not always obtainable (except by very careful distillation, in

wkick tke first and last portions condensed are rejected) and it soon' takes
up fresh impurities when used witk sulphuretted ores. Tke base metals
usually present in mercmy are rapidly oxidised in tke an, especially in

contact wdtk water
;

tke oxidation is made muck more rapid by tke
presence of any acid in tke water, and tkis acidity (due to the presence
of acid sulphates from decomposing pyrites) is rarely quite absent from
battery and mine waters, although it is often neutralised by lime. Tke
metallic oxides thus formed are not soluble in mercury, and they float on
its surface in tke form of little black scales, which soon form a coating.

Impure mercury, \vken used to amalgamate tke plates, causes their dis-

coloration by oxidation of tke dissolved metals. One of tke impurities in
mercury most to be feared is lead, as tke amalgam of tkis metal tends to-

separate out of tke bath of mercury in wkick it is dissolved. According to
Prof. J. Cosmo Newbery, it rises to tke smdace by degrees, taking witk it

any gold amalgam tkat may have been formed, and floats as a frothy scum,
coatmg tke mercury and preventing any further action by it, whilst it is-

readily powdered and carried away in suspension by a current of water"
flowing over it, so tkat tke gold contained in it is lost.

1 Richards, On Bressimj, 1903, vol. ii., p. 782.
“ Richards, op. cit, p. 7*84.

® Smart, Ra^id Metcdlurgical Practice, vol. i., p. 93.

^
Richards points out {Ore Dressing, p. 751) that there is no advantage in trying to draw

a distinction between these two terms, which was apparently first done by T. A. Rickard.
(Rianip Milling of Gold Ores, 1897, p. 216). Richards holds the view that the globules are
ill all cases prevented from re-uniting by a film of some foreign substance. The term
' deadening ” of mercury is also used.
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Sickening of the mercuiy is also promoted by base minerals present in

the ore. Most gangiies. except heavy spar, hydrous silicates, etc., hai’e no'

action on the quicksilver
; even clean cubical iron pyrite, and other iron

and copper pyrites, if they are imdecomposed, are harmless, although the

materials last named cause sickening when partly decomposed. The other

sulphides are all more or less harmful, their action being, however, much
less energetic than the compounds of arsenic and antimony. J. Cosiiio-

Newbery conducted a number of experiments in Australia many years ago,

to determine the action of some of the base metals on mercury, and found
that compounds of arsenic and antimony are particularly harmful, and that

if gold containing metallic arsenic is amalgamated, the resulting amalgam
is black and powdery, and floats on the merciuy, being coated with black

metallic arsenic, which separates out and refuses to unite with mercuiy.
Arsenical ppite seems to act in the same way as metallic arsenic, a large

amount of black sickened mercury being produced by it, the action being

especially energetic if the ppite is partly decomposed. The black coating

is, in this case, a mixtoe of pyrite, arsenic, and mercmy, in a very finely-

divided state. Sodium amalgam acts beneficially when arsenic is causing

loss of mercury.

Sulphide of antimony breaks the mercury into black powder even more
quickly than arsenic, some sulphide of mercmy being formed if there is

any tritui’ation, whilst the antimony forms an amalgam. The action of

sodium amalgam on this mixture is of no avail, as sodium sulphide is formed,

more antimony amalgam produced, and sulphuretted hydi*ogeii ‘set free,

the results on the amalgamation of the gold being very disastrous. Bismuth
sulphide acts similarly, but with less rapidity.

Floured mercmy is perfectly white in appearance, like floui‘, sickened

mercury, as akeady stated, being blackish. If this floured mercuiy is examined
with a lens, it is seen to consist of a number of minute particles—many of

them microscopic—each of which is perfectly bright and pm*e, shining like

a mirror. They are prevented from coming into contact and coalescing by
being surrounded by films either of air or of some transparent foreign

substance. Floiued mercmy is readily carried away and lost in the

tailings, but if passed through and agitated with a large body of clean

mercury much of it is at once absorbed in the mass. The loss through

floming is experienced in the milling both of refractory and free-milling

ores. The efiects of grease and also of talc, serpentine, clay, and other

hydrous silicates in subdividing mercury are doubtless due to mechanical

action only.

In California the total loss of merciuy varies from 1 to 1 oz. of mercmy
per ton of ore crushed, the mean being about -J- oz. per ton. Most of the

mercmy is lost as such and not in the form of amalgam, as is proved by the

fact that where the largest proportion of mercmy is fed into the battery

the greatest loss takes place but the highest percentage of gold is recovered.

Thus, at the North Star and Empire MiUs the greatest loss in the State

occurs, 1 oz. of mercmy being lost per ton, but over 90 per cent, of the gold

is extracted. In the Blackhawk Mills, Colorado, ivhere base ores are crushed,

containing from 12 to 20 per cent, of pyrite, the loss of mercmy is from
i to oz. of mercmy per ton. The mills in which the greatest loss of mercmy
occm’S have the deepest discharge, the ore and mercmy being in these cases

pounded together for a greater length of time before being ejected from

the mortar, so that more floming takes place. At the Ferreira Deep Mill
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the loss of niercTiry is given by D. J. Peplar ^ as 0*35 oz. per oz. of o-old
•or 0-16 oz. per ton of ore crushed. Caldecott gives it as 0*1 oz. per ton of
ore milled '' in good modern practice.'* ^

Many suggestions have been made at various times for the reducti
of the loss of mercury. The use of various methods of keepino- it clea^
and lively and of neutralising the bad effect of base minerals^h^s
been noticed (see pp. 184 and 191).

Properties and Purification of Mercury,—Mercury solidifies at 3^^
and boils at 357^, but is . slightly volatile even at ordinary temperatu
Its specific gravity is 13*59, its electrical conductivity is 1*6, and its the *

conductivity 1*8, if that of silver be taken as 100. Pure mercury is unaffected
by the air at orclinary temperatures, but is slowly oxidised if heated to b t
350^^ C. MTien mercury is impure from the presence of other (oxidis bM
metals, these are rapidly oxidised in air, forming powdery scales It is t
acted on by hydrochloric acid, and is almost unaffected by dilute sul h
acid, but with hot concentrated sulphuric acid it forms Ho-gQ
is dissolved even by cold dilute nitric acid, and is rapidly dissolved b
nitric acid. It is ^ssolved by aqua regia with the formation of me*

^

chloride, HgCL2. Piue mercmy will roll down an inclined sm'face with^^^
forming a pronounced tail ” and without leaving any streak behind^
If a blackish film is left behind, the mercury requires purification

MTien agitated with oil, fats, topentine, many organic substances
1

phur, etc., mercmy is split up into minute globules, not easily re- "‘t^'
This is known as the “ flouring " of mercury (see also p. 202) ”

hi

'

or animal oils cause more flouring than mineral oils. Coalescence of fl H
mercmy is effected by the action of certain reducing agents, such as
and so^um, the passage of an electric cm'rent, or with some lociq

action of nitric acid. ^

The vapom* of mercmy has a poisonous effect, (salivation) on the
system. Among the remedies are cleanliness, fresh air, acid foods abs
from alcohol, and potassium iodide as medicine.

’

Amalgams.—^]\Iercmy forms amalgams directly with gold, silver i

readfly if heated), copper, lead, zinc, bismuth, magnesium, tellm*ium
thorium. Amalgams of tin and cadmium are formed directly with f
ease. Mercmy unites with antimony and arsenic only if heated A t*
^*adually separates from its amalgam as a black powder. Iron ^
is formed directly only if the iron is finely divided. When iron amalL^
retorted, pyrophoric iron is formed, yielding a somewhat troublesome
with gold. Amalgams of nickel, cobalt, manganese, chromium aln^*

’

^

palladium, and platinum are not formed directly, but are formed
by electrolysis of their salts with mercmy as the negative pole o*by the presence of acid and a stick of zinc. Amalgams of so&um «
sium are formed directly with the aid of heat. The amalo-am TTo* at
solid, containing about 2 per cent, of sodium.

^ ^6i2tNa.2 is

Purification of Ilercury .—It is very important to use pui*e me*
ordinary amalgamation processes, so as to reduce the losses L far
The pm*ification may be effected by distillation with lime and irn^'hrThe iron filings decompose sulphides and prevent bumpino- An^^^*?
of charcoal powder is mentioned by Kichards, its use bein<? to pre""

Peplar, J. Chera. Met. and Mng. Soc. of S. Africa, May, 1904
Caldecott, Hand Metallurgical Practice, vol. i., p. 384.

’ p. 403,
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formation of volatile oxides. Lead, cadmium and zinc pass over in part

with, the mercuiy. Hulett and Minchin^ have shown that volatile metals

such as zinc and cadmium are not removed by distillation unless it is carried

out without bumping and in a current of ah, which oxidises them. Zinc,

tin, copper, and iron may be removed by shaking with dilute hydrochloric

acid
;
shaking with mercm’ous nitrate, ferric chloride or potassium dichromate-

and strong sulphuric acid has also been recommended. Floating impurities-

are removed by running the mercury through a glass funnel, regulating the

discharge by a finger placed over the stem-hole. If mercury is covered with,

dilute nitric acid (one part of acid to three parts of water) it is gradually

pmified, especially if stirred occasionally
;
mercurous nitrate is formed and

acts on the base metals. A more rapid way of removing base metals is to-

pass a stream of air through mercury covered with dilute nitric or sulphuric

acid. The base metals are rapidly oxidised by the air and dissolved by the

nitric acid. This method has been found useful by T. C. Cloud. L. Meyer
lets the mercury fall through a long column of mercurous nitrate, for which
nitric acid may be substituted. J. H. Hildebrand® recommends that the-

falling mercuT}^ should be broken up by passing it through muslin.

Loss of Gold*—^The losses of gold in amalgamation may be ranged under

the following heads :

—

1. Loss of free gold contained in amalgam, due to flouring of mercmy,.
scouring of plates, etc. This has been dealt with above under the heads-
‘‘ Treatment of the Plates ” and “ Loss of Mercury.”

2. Loss of gold which ‘‘ floats ” in water and is carried away with the-

slimes. See section on “ Float Gold,” p. 206,

The remedy for the losses due to the above two causes is the use of drops,

and mercury traps.

3. Loss of gold which is not in a condition to be directly amalgamated.

The last heading may be subdivided into three, viz.

() Loss of gold contained in sulphides, tellurides, etc. See '' Gold in

P}wite ” and the treatment of teUurides described in Chapter XVII.

() Loss of free gold, which is prevented from being amalgamated by
being coated with a film of some mineral (“ rusty ” gold), or with grease.

See the section on Rusty Gold,” p. 207.

(c) Loss of “ free ” gold imbedded in particles of rock. The remedy is.

finer crushing in the battery or in re-grinding machines.

In the preparation of gold ores for amalgamation every care must be-

taken that the com*se best suited to each particular case is being pursued.

In some instances, which are not common, the wLole of the gold may be-

present in a form in which it can be directly amalgamated. In general,

however, the gold is present in two or more forms, one capable and the others

not capable of amalgamation. In such cases there is no reason to be dis-

satisfied with the action of an amalgamating machine if it extracts a high

percentage of the free gold, even though the total extraction obtained by it

is comparatively low.

^ Hulett and Minchin, jP/it/s. Mei\, 1905, 2l, S8S ; Hildebrand, J, Chem. Met. and Mng.
Soc. of S. Africa, 1909, 10, p. 224.

2 L. Meyer, Zeitsch. anal. Chem., 1863, 2, 241.
® Hildebrand, J. Amer. Chern. Soe., Aug, 1909, p, 934; J. Chem. Met. and Mnq. Sog. of

S. Africa, 1909, lO, 224.

.
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The following scTieine of examining tailing with, a view to determine the

causes and amount of loss is given by McDermott and Diiffield ^ :

—

Small samples are taken at intervals from the waste outflow of the mill,

until a bucketful is collected
;

this is allowed to settle for several hours,

the clear water is decanted, preferably through a filter, and the remainder

evaporated to diyness. Care must be taken to avoid spilhng anything out

of the vessels containing the samples. The sample having been well mixed,

portions are treated as follows :

—

A. One part is panned and examined for free gold, amalgam, and quick-

silver. If these are present, it is probably the fault of the millman, and

nothing fiuther need be done until this state of things is remedied.

B. "The tailing is sized by screening, and the coarse, medium, and fine

materials (the latter consisting, say, of that portion which passes a 100-mesh

screen) are weighed and assayed separately, the coarser portions being

reground and panned to find whether their values are in free gold or in

sulphides.

G. The sulphides are separated from the tailing on a vanning shovel

•or batea, and are weighed and assayed. It may thus be determined whether

they are worth saving, and the size of the mesh used for the screens will

depend largely on this, and on the nature of the sulphides, which will in many
cases be badly slimed and difficult to catch if the ore is finely crushed.

D. The loss due to fine or ‘‘float” gold may be determined by assaying

the slimes after the sulphides have been carefully removed by concentration.

This requires much skill and patience, but can in almost all cases be success-

fully accomplished by the vanning shovel. The concentrate may be examined
under the microscope for fine specks of gold, but these and the fine sulphides

can be recovered by concentration on suitable machinery. The assay value

of the tailing from the vanning shovel will give some idea of the amount
of float gold which is being lost. It will usually be found to be smaller than
may be expected. If it is large, the use of some system of amalgamation
more perfect than that by copper plates (such as pan-amalgamation) or of

.a method of smelting, or of a wet method, maj^ be considered, if the advantages
appear sufficient to pay for the presumably increased cost.

“ Float ” Gold.—The loss of finely divided or “ float ” gold, particularly

when it cannot be checked by the use of swinging plates, or of drops between
the amalgamated plates, is oiten another name for the loss of slimed sulphide.

Many examples have been adduced of the large percentage of the gold in

the ores crushed in particular mills, which has been carried away suspended
in water in a form not easily recoverable by settling. In the majority of these
cases, however, no attempt seems to have been made to distinguish between
the values contained in slimed sulphide and those existing as particles of

free gold. \^Tiere this is not done there are no grounds for the assumption
that any free gold is escaping at all. Thus G: M‘Dougal, of Grass Valley,

•California, found ^ that a gallon of water in a stream, |- mile below two mills,

contained on an average IdS cents worth of gold. He called this “ float
”

gold, but did not try to find out its physical condition, and it was very likely

contained in sulphide. Again at the Spring Gully Mine, in Queensland,
the tailings from the battery, if settled in the ordinary way by running ofl

the water, were found to contain 7 dwts. of gold per ton, but if carefully

McDermott, and O'oV A malgamation (London and New York, 1890), p. 7.
* Alines West of by R,. W. Raymond, 1878.
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filtered, assayed 15 dwts. All sucli examples prove only that the slime is

rich, not that “ float ” gold is being lost, and although it is of course likely

that some finely divided gold is carried away in suspension in water during-

the treatment of many ores, nevertheless, if suffiicent care were taken in

ascertaining this loss, it would probably prove to be less than is generally

believed.

To aid in catching the float gold, swinging amalgamated plates have

been introduced, and are in use in the sluices below the batteries of many
Californian mills. They are also used in hydrauhc mining. The swinging-

plate consists of a curved strip of silver-plated amalgamated plate about

3 inches deep, and of the same width as the sluice in which it is hung
;

it

is suspended on eyes through which wires pass. The plate thus hangs, half

submerged, with its concave side up-stream, and is kept swinging by the

current, so that all floating particles of gold must come in contact with it.

It is found in practice that, immediately under each plate, across the sluice,

a line of amalgam which has dropped from the plate accumulates. The

plates are placed a few feet apart. They cost little and are very eflective.

“ Rusty ” Gold.—The appearance in the tailing of free gold, which is

not especially finely divided, but, nevertheless, is not in a condition to be

amalgamated, may be regarded as a rare occurrence, but deserves some

consideration, ximalgamation is in these cases prevented by the existence

of a thin film of some neutral substance over the surface of the gold. Tlie

film may be so thin as to be transparent, but it is enough to prevent contact

between the gold and the mercury. The disastrous eflect of a film of grease

covering gold particles has already been remarked upon. It is said to have

been a fruitful source of loss in the treatment of certain ores in the Transvaal

that they were impregnated with mineral oil. The effects of grease may be

combated by the use of chemicals (caustic alkalies, potassium cyanide, etc.),

but it is, of course, better to use every precaution to avoid the introduction

into the pulp of candle grease from the mine or of oil from bearings, guides,

etc., or contained in steam from the boiler. Losses in amalgamation are

also caused by the greasy substances contained in some ores, such as the

powdered hydrated silicates of magnesia and of alumina, which cause

frothing, and coat the gold with a slime which prevents the action of the

mercury.

Other films are formed of oxide of iron, compounds of sulphm:, arsenic,

etc
.,
or of silica. Some years ago J. Hankey, of San Francisco, had a collection

of particles of native gold which appeared as bright and lustrous as usual,

but were coated by thin translucent films of red oxide of iron. These particles

of “rusty” gold could not be wetted with mercury, but if a piece were snipped

off one end, the mercury seized on the fractui’ed surface at once. Such gold

seems to be rare in nature.

In 1867, William Skey, of the Geological Survey of New Zealand, after

a series of experiments on the ores and tailings of the Thames Valley, came
to the conclusion that the bright gold particles which refused to amalgamate

were always coated by some compound of sulphur. He found that gold takes

up sulphm from sulphide of ammonium or sodium, or from sulphuretted

hydrogen, wken brought in contact with their solutions, and that after this

the gold refuses to amalgamate. He supposed that these compounds of

sulphur were often formed by the action of acidulated water on the minerals

in ores, and that consequently “ a large area of the natural surfaces of native

gold is covered with a thin film of auriferous sulphide, and that the greater
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part of the gold which escapes amalgamation at the battery consists of this

sulphurised gold.”

Gold in Pyrite.—In the preceding pages no account has been taken of the

loss of gold which is contained in pyrite, as it has been assumed that the

latter is saved by concentration if it is valuable, and this subject is dealt

with in Chapter XL Xevertheless, as this gold comes under the head of non-

amalgamable gold, its physical state and the causes of its disinclination to

unite with mercury may conveniently be considered here. In general, pyrite

yields only a moderate proportion oi its gold contents if it is run over the

amalgamated plates (see Black sand,’’ p. 183), and if it is ground very

fine in a pan with mercmy the percentage extraction is better. Among the

old processes used for the amalgamation of the gold in pyrite may be men-
tioned the treatment in revolving wooden barrels with mercury, as practised

at the St. John del Eey Mine, and the practice of leaving the pyrite to be

decomposed by weathering before grinding it with mercury. This method
of oxidation seems to be decidedly inferior to the alternative plan of roasting

the sulphide, by which the oxidation is rendered more complete and the

particles of gold agglomerated to some extent. However, the amalgamation

of pyrite, even when roasted, is far from perfect, part of the gold still remaining

in a condition unfit for extraction in this way. The ores, which have been

met with in various parts of the world, consisting mainly of limonite or

hydi-ated oxide of iron, and in most cases believed to be the result of decom-
position of pyritic ores by atmospheric agencies, are also extremely refractory,

causing the mercury to sicken rapidly, and yielding only about the same
percentage of gold as can be obtained from unoxidised pyrite.

The most celebrated case of this kind is that of the surface ore at Mount
Morgan, in Queensland, which was an ironstone gossan consisting of siliceous

brown iron ore, derived according to one view from the decomposition of

pyrite. Although the gold appeared to be free, it could not be amalgamated,
yielding only about 30 per cent, when crushed in batteries and subjected

to prolonged grinding in pans with mercury^. When the ore was dehydrated
by roasting in reverberatory furnaces the extremely fine particles of gold

were agglomerated, and between 80 and 90 per cent, could then be extracted

by amalgamation, the remainder being presumably coated with oxides of iron.

The richness of the ore, however, made even this result unsatisfactory, and
a process of chlorination was adopted in practice. It was subsequently found
that the ore contained tellurium, which may have been the cause of the

difficulties in its treatment.

A similar case was noticed by Mactear ^ in South America, where a limonite

ore which only yielded from 35 to 40 per cent, of its gold when treated in

Huntington pans, was made to yield between 85 and 90 per cent, by merely
subjecting it to a dehydrating calcination before amalgamating it. Louis
Janin, Jr., mentions another case ^ in the ores of the Southern Cross Mine,
Deer Lodge County, Montana, which consist of limonite derived from the

alteration of pyrite. In panning large samples, only one or two specks of

gold could be seen, although the ore contained from 1 to 2 ozs. per ton. This
ore yielded only about 40 per cent, on being amalgamated, but over 90 per
cent, was dissolved out by leaching the raw ore with cyanide of potassium,
and similar results were obtained by chlorination. Here the ore was thoroughly

^ Mactear, Mining Journal Jan. 24, 1893, p. 70.
- Janin, Junr., Mineral Industry, 1892, p. 249,
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decomposed, but yet tbe gold would not amalgamate to a much greater

extent than if it were still contained in the original pjrite, whilst the chemicals
at once dissolved it. For the condition of gold in pyrite, see p. 79.

Discussion of Stamp-milling.—The stamp battery must be regarded from
two difierent points of view—viz., (a) as a crushing" machine, (6)"as an amal-
gamating machine, and it should be remembered that the modifications

designed to make it a more efficient crusher often reduce its power as an
amalgamator, and vice versa.

Stamps were originally designed as crushing machines, and the tendency
has been lately towards a return to this view of their proper function. A
practice which seems to be growing in popularity consists briefly in crushing

the ore and effecting its discharge from the battery as rapidly as possible.

With this object in view heavy- stamps are used, running v^ery fast, with a

moderate drop
;
the screens are coarse, the screen area is large and placed

as low down as possible, and the mortar is made narrow, with nearly

vertical sides. These arrangements all increase the output of the battery.

Amalgamated copper plates are either not placed inside the mortar, or there

is a plate on the discharge side only. In the extreme case, no mercury is

fed into the battery, and the coarsely crushed ore is re-ground in tube mills

before being passed over amalgamated plates. Under these conditions, the

output is very large, and may even be as high as 20 or more tons of ore per

stamp per day. The percentage of gold extracted by amalgamation is low.

When the stamp battery is used as an amalgamator, the height of dis-

charge (height of screen above dies) is great, amounting even to 12 inches

or more, the screens are finer, the supply of water is reduced, and all efforts

are directed to fine crushing in the battery. Mercury is fed into the mortar,

and amalgamated plates are put inside the mortar on both feed and discharge

sides. The object of these arrangements is to keep the ore in the mortar

for a long time, so as to increase the chance of catching the gold on the ioside

plates. The duty of the stamps is, of course, greatly diminished, and may
be as little as 1 ton of ore per stamp per day. Light stamps must be used

to avoid excessive scouring of the inside plates. Under such chcumstances

a high percentage of gold is amalgamated. BetTveen these two extremes

there are many gradations.

It is probable that no two ores, between which there are considerable

physical or chemical differences, can be treated to the best advantage under
exactly the same conditions. A nullman experienced in the treatment of

the ores of one district may be quite at fault when attemptiog to amalgamate
an ore unhke those to which he has been accustomed. A silver mill, in par-

ticular, has been pronounced to be the worst possible school for a gold

amalgamator, whose work must be closer in proportion as his amalgam is

richer than that obtained from silver ores.

It is obvious that the stamps and screens must be such as are calculated

to produce the largest possible output, without rendering the pulp unsuitable

for the processes of amalgamation or of concentration, or both, wffiich are

to follow. The ideal crushing has been often stated to be to “ crack the nut

and leave the kernel entire,” or in other words, to liberate the particles of

gold without breaking them. This suggestion, however, is not a helpful

one, inasmuch as it has been found in many cases that amalgamable gold

remains locked up in particles of ore of aU sizes except the very finest slimes.

The tendency is now in the direction of finer crushing, if not in the stamp
battery, then in re-grinding machines (see below, Chap. X.).

14
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Tiie subject of delivery is closely connected witli that of cruslimg and
must be considered at tbe same time. The screens are not usually placed

quite close to tbe level of tbe dies in tbe mortar on account of tbe rapid

wear caused by tbe violent projection of pulp against them when in that

position. Tbeir beigbt above tbe dies is varied according to tbe ore, tbe

delivery being slower in proportion to this depth of discbarge when it exceeds

2 or 3 indies or, according to Peplar, 5 inches. Tbe banking of sand against

tbe screens checks discbarge tbrougb tbeir lower part if tbe depth of discharge

is small

Tbe best size for the mesh of tbe screens must be determined by direct

experiment. It has often been contended that, as the crushing must be
fine enough to liberate the particles of free gold from tbeir matrix, therefore

the size of tbe screen mesh depends on the state of division of tbe precious

metal in the ore. Even if this be so, however, it does not follow that tbe
apertui’es in tbe screen need be small. When coarse screens are used, it

is found that, in the course of tbe crushing, much of tbe ore has been reduced
to a comparatively fine state of division, and usually this portion is found
after amalgamation to contain but little gold

;
from this, tbe coarser material,

in which tbe gold is still locked up, may be separated by sizing in suitable

machines {see Chap. XL) and reground in an amalgamating pan or tube
mill. . If, on the other hand, the slime is found to be as rich as tbe
coarse sand, it may be that no finer crushing is required, as tbe output would
be thereby diminished without any corresponding increase in tbe yield per
ton. If tbe slime, after separation of tbe sulphides, is found to contain
more free gold than tbe coarse sand does, this fact points to tbe conclusion
that a coarser screen might be used without detriment, and experiments in
this direction should be made, and tbe limit of economy thus found by
trial.

Tbe evils of overstamping, due to slowness of discbarge, have been often
dwelt on, and probably are frequently exaggerated. It is true that tbe
excessive production of slime thus caused may sometimes be disadvantageous,
but, setting this aside, it has been frequently asserted that particles of gold
are reduced in size by overstamping, so that they will float ofi in suspension
in water, whilst, even if not reduced in size, they are hammered and flattened
so as to be rendered incapable of amalgamation. “ Float ’’ gold has been
considered above, p. 206, and as regards hammered gold, it does not seem
to be beyond doubt that fiattening and hardening alone will prevent gold
from being amalgamated. Prof. T. Egleston has described a number of
experiments ^ which tend to show that amalgamation is retarded by this
treatment of gold, but, on attempting to repeat these experiments at tbe
Eoyal Mint, the author could not obtain results similar to those of Professor
Egleston, Pieces of pure gold when subjected to repeated blows with a clean
7-lb. hammer on a clean anvil occasionally showed a disinclination to amal-
gamate, but if these pieces were washed with dilute ammonia, so as to remove
any grease that might be adhering to them, they were instantly wetted by
mercury and w^ere dissolved by it at about the same rate as clean annealed
gold. It thus appeared that, in these cases at least, grease formed a more
potent preventive of amalgamation than the hardness of the gold. More-
o\ er, gold-leaf which has been subjected to an extended course of hammering

Mercurulin the United States (1890), voL ii.,
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is readily amalgamable. It seems probable that the supposed difficulty of

amalgamating “ hammered “ gold has no real existence.

There is still much difference of opinion as to the desirability of attempting

to amalgamate the gold inside the battery. The view is now widely held,

following the views of the Eand metallurgists, that the addition of mercury
to the mortar is a mistake, and that no copper plates should be put inside.

It is considered by increasing numbers of millmen that no machine can be
successful at once as a crusher and an amalgamator. Nevertheless, the

opposite view has not yet been completely abandoned. The practice of

adding merciuy to the mortar when no inside plates are used is certainly

not now much favoured, although it is still adhered to in Ballarat and some
other districts in Australia. In treating rich ores, however, when the gold is

coarse grained and nearly pure, there does not seem to be any valid objection

to be raised against catching the gold on inside plates in a concentrated form,

instead of letting it all go to the outside. In this case it is better to add
mercmy to the mortar, and this is probably not so important a cause of loss

of mercury by flouring and sickening as is often assumed. If a decomposing
ore is mixed with lime beforehand, and the acidity of the water used is

corrected, the conditions do not appear to be favourable to the production

of salts injurious to the mercuiy, and the latter when charged in is probably

almost instantly washed through the screens or else dashed against and
retained by the plates. The mercuiy does not remain on the die, subjected

to repeated blows, which would no doubt cause much floming. There is

also the point of view that the distribution of mercuiy through the ore favours

amalgamation, and that amalgam is more easily caught on stationary or

shaking plates than very finely divided gold. This last point remains a

matter of some doubt. It is often deniecl on the ground that amalgam is

•of less density than gold. Finely divided gold, however, particularly if it

is very impure, containing much silver, requires more mercuiy for its

amalgamation than coarse gold, and in this case it is difficult to keep the

plates in good order, so that it is usually advantageous to save the extra

trouble and laboui*, caused by looking after and cleaning-up inside plates,

by putting all the plates outside. This has been the experience in a number
of mills, including that of the Montana Company, where the inside plates

have been entirely discarded.

Amalgamation outside the battery has also been the subject of much
discussion and some careful investigation. Numerous amalgamating machines

have been patented, the inventors in every case praising their own con-

trivances and decrying the copper plate, hut the latter has not as yet been

superseded, and its principle is applied to almost all its more promising'

rivals.

To secure successful amalgamation it is necessary that the particles of

gold should be brought into absolute contact with the mercury. This contact

is obtained in one of three ways, viz. :

—

1. The mercuiy and ore are ground together in pans, arrastras, and
similar machines, contact being secured by pressing the gold and mercmy
together.

2. The ore is allowed to flow over or even through a bath of liquid mercmy,
or the endeavom* is made to ensm^e contact by letting the pulp fall from a

height upon the mercmy.
3. The ore is allowed to flow over either stationary or shaking amal-

gamated copper plates, drops being sometimes introduced between the
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plates to break up tbe pulp and to assist in catching the amalgam and ‘‘ float
''

gold.

The first method is undoubtedly the best for ensuring contact, but the

operation is, tedious and, in most cases, unnecessary. As to the relative

merits of the last two methods, the gi-eat majority of metallm’gists are

advocates of the superiority of the plates. They point out that in a mercury

bath, in spite of the first impression to the contrary felt by every one on
approaching the subject, contact with the ore is very difficult to obtain.

If wet pulp is mtroduced at the bottom of a bath of mercury, it rises to the

surface in Imnps, surrounded by films of water, and dry pulp is still more
effectively protected from contact with the mercury by films of air. If a

thin stream of pulp is run over the surface of a bath of mercury of sufficient

size, the chances of the particles of gold coming in contact with the quick-

silver (by settling through the stream) are greatly improved, but in this-

case the more convenient copper plate could be substituted for the bath.

Moreover, it is well known that rich gold or silver amalgam catches gold

more readily than pure mercury, and, whilst the smfface of the plates can
be readily covered with such pasty amalgam, it would involve a larger and
unnecessary sinking of capital to keep any considerable percentage of precious

metals in the baths. For these reasons, and for the practical reason that

plates are found to work better than baths, the use of the latter has been
gradually more and more restricted, until they are now only to be found
in narrow wells and riffles for the purpose of catching hard amalgam and
floui’ed mercury, and as purely supplementary aids to the plates, whilst they
are sometimes dispensed with altogether. When a proper disposition of the-

plates is made, it is rare to find amalgamable gold escaping into the tailing.

Even if the latter contain several pennyweights of gold to the ton, this does,

not show that the amalgamation effected on the plates is unsatisfactory,,

and, where tailing has to be reground or roasted, or treated in any way
that may alter the condition of the gold, before a fmhher extraction by
mercury is obtained, no proof is afforded that the plates are not doing their
work.
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GHAPTEE IX.

OTHER FORMS OF CRUSHING AND AMALGAMATING
MACHINERY.

Special Forms of Stamps.—Since within certain limits and under certain

conditions the capacity of a stamp battery depends on the number of blows
given per minute and on the momentum of the fall, various contrivances

have been suggested with a view to increase both of these.

In pneumatic stamps, such as the Husband and Phoenix stamps, a crank
shaft raises the stem, which is attached to an air cylinder. The air in this

is compressed, and the stamp head attached to a piston is thus raised. It

is forced down to deliver the blow by similar means.

In spring stamps, such as the Elephant stamp, a crank shaft raises the

stamps against the action of poweiiul springs, which increase the power
of the blow. The rate of wear and cost of repairs have been found to be
high in all these stamps, and they have never been much used.

Morison's high-speed stamp ^ is lifted like an ordinary pneumatic stamp,

•except that the compression cylinder contains water instead of air.

Steam Stamps ,—The ordinary form of steam stamp consists of a direct-

acting vertical engine, having a steam cylinder and slide valve at the top,

the piston-rod being rigidly connected with the stamp. Each stamp head
works in a separate round or rectangular mortar, with screens both at the

front and back, and sometimes all round. The screens are of Russia sheet-

iron with punched holes of about -1 to % inch in diameter, the steam stamp
being best adapted for coarse crushing. The speed of working is from 90 to

130 blows per minute, and the output is from 100 tons to as much as kOO tons

of ore per head in twenty-four hours. It is obvious that gold could not be

economically saved on plates inside the mortar of one of these stamps, and
as a matter of fact, until recently they were only employed in coarsely crushing

the copper ores of the Lake Superior region. Nevertheless, the curious fact

seems to be well estabhshed that these stamps, with their heavy blow, do
not make so much slime as the ordinary gravitation stamp. They have been

tried in crushing silver ore in Montana, and gold ore at the Homestake
Mine, in the Black Hills, through a 30-mesh screen. As theh capacity is

rso great their use is limited to cases in which large quantities of ore are avail-

able, one Ball or Nordberg steam stamp, such as is used in the Lake Superior

district, being equal to from twenty to fifty head of gravitation stamps.

They may be useful in preparing ores for re-grinding.

The chief advantages of the steam stamp are economy of space and

labour. The advantage of subdividing the work among a number of batteries

is that stoppages for repairs and breakages afiect only a small part of the

•crushing capacity at one time.

^ D. B. Morison, Proc. JSf.E. Coast Inst, of Engineers and Shipbuilders, 1S96-7. Session

xiii.
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The Tremain Steam Stamp ^ works in sets of two in a mortar, wiiiclr has

front and side screens. The upper ends of the stems are two pistons moving

in cylinders actuated by steam at a pressm'e of about 110 lbs. per square

inch. The stem and shoe weigh about 300 lbs. The whole plant is very



CRUSHING AND A:\ULGAMATING .W^HINERY. 215

they are also at work in South America. The usual output of the two stamps
is about 10 or 12 tons per day using 20-mesh screens. They require an
excessive amount of power and consume much oil which tends to leak into

the mortar and interfere with amalgamation. Inside plates are often used
and mercmy fed into the mortar-box. These stamps are generally regarded

as far inferior to gravitation stamps for treating gold ores, and their use
is limited to special cases.

The Holman Steam Stamp is also well spoken of.

The Nissen Stamp.—-The Nissen stamps (see Fig. 95),- introduced in 1903,

is a gravity stamp mill with heavy stamps, each stamp having its own
cylindrical mortar-box. The latter is made of special steel with easily

removable fronts to facilitate removals and repairs. Manganese steel liners,

introduced into the mortar in three sections, are used to protect it from wear.

Since the blow of the stamp is always given in the direction of the axis of

the box, the latter is not subjected to oscillating blows which would tend

to weaken the fastenings and the foundations. The mortar usually rests on
concrete foundations, to which it is fastened by bolts, as in ordinary stamp
mill practice.

The screen has the large area of 3:| to 4 square feet, and passes half-way

round the mortar, so that discharge openings on the same horizontal plane

are equidistant from the die, and the pulp strikes the screen everywhere

at right angles, thus facilitating discharge. A steel frame drawn up tight

by two hea\y gib keys fixes the screen to the mortar.

The shoes and dies are made of chrome steel and are 10 inches in diameter

for the 2,000-lb. stamp. The dies have round bases fitting into recesses in

the mortar-box, and are thus kept central. Evenness of wear is claimed

as a special feature of the dies. The boss head is enlarged at its upper end,

providing a shoulder which counteracts any upward splash of pulp between

the boss and the contracted lower portion of the neck. Double-faggotted

iron is used for the stems, which have a diameter of 5 inches and a length

of 10 feet against a minimum length of 12 or 13 feet in the 2,000-lb. ordinary

stamp. There is a greater rotation per lift to the stamp than with ordinary

stamps.

Table XXL appended gives the weights of the falling parts for one stamp.

For batteries with more than one stamp the weights are in proportion.

The centre of gravity of the Nissen stamp is low, partly in consequence of

the great diameter of the head.

TABLE XXI.

Part.

Stem,
Shoe,
Boss head,

Head collar.

Tappet, .

Weight for
i,000-lb. stamp.

Lbs.

652 = 32 -6 per cent.

248 = 12-4

798 = 39*9

31 = 1-55 „
271 = 13-55

Total, 2,000 100-00

Weight of stamp and all accessories, . . 19,470

Tor eight-stamp battery,.... 95,750

^ Nissen, J. Chem. Met. mid Mnf/. Soc. of S. Africa, 1911, 12, 111.
2 Schmitt, Hand Metallurgical Practice, vol. ii., p. 141.
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The 1,7504b. stamp has a boss head weighing 250 lbs. less than that

for the 2,000-lb. stamp. The head and shoe together make up 53*8 per cent,

of the total weight, against 58*1 per cent, in the case of the City Deep gravity

stamp. The cams are made of chrome steel and are self-tightening. The

Fig. 96.—Hissen Stamp Battery (Elevation).

cam-shaft is inches in diameter. One feature is that excessive vibration
in the cam-shaft is prevented by providing caps for the bearings, as shown
in Fig. 964 The design of the king-post (Fig. 97) ^ is also a special feature
which is expected to prevent the timber from warping. The water supply

^ Sclimitt, Rand Metallurgical Practice, vol. ii., p. 143.
^ Schmitt, ibid,, p. 146.
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enters through the chute leading from the ore feeders, ore and water thus

passing into the mortar together.

Where it is desired to have inside amalgamation a circular conical-shaped

copper plate is provided to fit into the mortar. This plate may be removed
when loaded with amalgam and replaced by a spare one.

The total height of the battery frame above the foundations is 13 feet,

and this admits of buildings being erected of less height than in the old mills.

The centre of the cam-shaft is usually 9 to 10 feet above the foundation.

It is apparent that with a single stamp in each mortar, any single unit

can be stopped either on account of damage to itself, or because of a break-

down in a part of the mill which it feeds, without interfering in any way with

the work of other units.

Several objections have been formu-
lated^ against the single stamp, and
they may be summarised as follows :

—

1. The quick drop of a heavy stamp
on soft friable ores tends to loosen the

battery frame and the foundations.

2. All individual stamp is said to

demand as much attention as a five-

stamp mill.

3. The mortars tend to fill up and
the height of discharge varies, so that

there is considerable wear on screens

with new dies.

A series of tests ^ which were carried

out by the Central Mining and Invest-

ment Corporation with four Nissen Fi- 97.-Nisscn Battei7 ; Design of
stamps and a battery of ten ordinary King-Post,

stamps working on similar material at

the City Deep Mine, showed a distinct superiority in favour of the former.

A summary of figures from these tests is given in Table XXII.

TABLE XXII.

Nissen. City Deep.
Four Stamps;. Ten Stamps.

Running weight, 1,027 to 2,245 lbs. 1.775 to 1,863 lbs.
'

Drops per minute, . 103 100 i

Height of drop, Si^ inches. SI- inches.

9 holes per sq. in. 9 holes per sq. in.
OCXCCII^ . * • * *1 inch aperture. J inch aperture.

Height of discharge,
i

2 to 2|- inches.
|

2^' to 24 inches.

Stamp duty (9-mesh), 24*47 to 30*85 tons. 18*26 to 20*95 tons.

,, (1 inch aperture), . 36*69 to 37*74 tons.
1

22*72 to 24*34 tons.

Power consumption per ton of ore. 2*7 to 4 H.P.-hours. 4*45 to 5*5 H.P,-hours.
Quantity of ore crushed per

pound of falling weight,

i

25*35 to 37*91 lbs. 1

i

19*6 to 27*45 lbs.

The superiority of the Nissen stamp in this test is considered to be due

^ Mng. and 8ci. Fres.% 1907, 94» 147, 303.

2 P. X. Xissen, J. C%em, Met. and Mng. Soc, ofK Africa, 1911, 12, 111.
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to the greater facility with which the feed can be adjusted to the capacity
of each individual stamp, in conjunction with the greater screen area.

As a result of the above tests Nissen stamps have since been installed

in the City Deep Mill and in some new mills in Ehodesia, and so far as published
results show are working satisfactorily.

It is claimed (1) that on the average the Nissen stamp requires 30 per
cent, less power than the ordinary stamp for the same tonnage, representing

a saving of 8d. to lOd. per ton of ore milled
; (2) the maintenance costs are

considerably reduced
;
and (3) the plant requires less capital expenditm-e.

Del Mar calculates ^ from a study of the crushing efficiencies—according
to the law that the work done is proportional to the area exposed and to the
power required per unit of falling weight—that the mechanical effects of a
one-stamp Nissen mill and an ordinary five-stamp mill are in the ratio of

100 : 59.

Stadlery in commenting on the Nissen stamp, observes that in the
ordinary stamp battery the particles issuing from the mortar are more or less

rounded, showing that the reduction has been by attrition and abrasion.
He considers that in the Nissen mill the particles are less subject to this

action and less energy is lost by the chmming of the water. Stadler also
expresses his belief that this stamp will prove very efficient as a fine grinder.

The Huntington Mill.—The Huntington Eoller Mill, here described as a
type of the many good roller mills now in use, is best suited for the fine crushing
of ores which are not too hard. It consists of an iron pan, at the top of

which a ring, B (Fig. 98), is set, and attached to this are three stems, D,
each of which has a steel shoe, E, fastened to it. The stems are suspended
from the ring and are free to swing in a radial direction, as well as to rotate
round their own axes, whilst the whole ring, B, with the stems and shoes,
revolves round the central shaft, G. The shoes or rollers, as they are called,
are thus driven outwards by centrifugal force and press against the replace-
able ring die, C. In front of each roller is a scraper, F, which keeps the ore
fronr packing. The rollers are suspended with their bases at the distance
of 1 inch from the bottom of the pan, which can also be replaced when worn.
The lowest part of the screen is situated a little above the top of the rollers,
and outside it there is a deep gutter into which the ore is discharged, and
from which a passage leads to the amalgamated plates. The ore and water
being fed into the mill through the hopper, A, generally by an automatic
feeder, the rotating rollers and the scrapers throw the ore against the sides,
where it is crushed to any required degree of fineness by the centrifugal
force of the rollers acting against the ring die. From 17 to 25 lbs. of mercury
are placed in the bottom of the pan, the clearance below the rollers permitting
them to pass freely over the mercury without coming in contact with it,

so that it is not stirred up and ‘‘ floured,” but the motion is such as to bring
the pulp in contact with the quicksilver. The speed of the mill is from 45 to-

75 revolutions per minute. The ore should be broken in rock-breakers to
a maximum ske equal to that of a walnut, or, better still, of a cobnut, before
being fed in. The action of the rollers is one of impact rather than of grinding,
the ore being granulated without the production of much slimes. The free
gold, as soon as it is liberated from its matrix, is in great part amalgamated
and retained by the mercury at the bottom of the pan, the remainder being

^ Del Mar, Eng. and Mng. J., Dec, 14, 1912, p. 1129.
^ Stadler, South African 3fng. J., Dec. 2, 1911.
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eaugilt on tlie plates outside tlie mill. Coarse gold is cauglit inside and fine

gold outside tlie mill, but tlie yield inside is comparatiyely small wlien ores

with. high, percentages of sulphides are in comse of treatment.

The mill is particularly adapted for tlie treatment of ores containing

brittle sulphides, which, if pulverised by stamps, are liable to become
shmed, and so to be in an unsuitable condition for concentration. It

is also suitable for argillaceous quartz, which yields its gold more readily

under the “ puddling action of the rollers than w^hen pounded by stamps.

Moreover, the Huntington mill does much more satisfactory work than

stamps on soft ores or in regrinding coarse tailing. The reason for this lies,

of comse, in the relatively large amount of screen area in the mill and its

consequent high efiiciency of discharge, a point in which stamps are decidedly

inferior to it. As the splash is heavy against the sides the wear of the screens

is somewhat rapid, but they can be very quickly replaced.

. 9S.—Himtm.ijtoii Mill.

The capacity of a 5-foot mill, the one which is most commonly in use,

is from 10 to 20 tons of rock per day through a 30-mesh screen, the power
required being from 10 to 12 H.P. The weight of each of the roller shells,

which are replaceable, is about 170 lbs. The wear and tear on the replaceable

parts is very great, amounting to about 14 ozs. per ton of rock crushed when
soft ores, previously broken small, are being treated. If large pieces of hard

quartz are fed into the mill, or if the mill is overfed, the merciuy is splashed

against the screens and passes through with the pulp, and when by accident

pieces of iron or steel are introduced, the ring die is occasionally broken.

Another source of disaster in Huntington mills fies in the use of acidulated

water, such as that derived from mines or encountered when decomposing

pputic ores are treated
;

the mill is rapidly corroded and rendered unfit

for work by such water.
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The chief advantages supposed to be gained by the use of Huntington

miiis instead of stamps may be thus epitomised :

—

1. Reduced First Cost.—The cost for the same capacity is not more than

two-thirds that of stamps, even at the manufactoers’ shops, while the

difierence in favom* of the mill is even more in outlying districts from its

light weight, and corresponding low freight, and from the cheapness of its

erection.

2. Saving of Power .
—^The mill is said to run with about one-half the

power per ton of ore crushed.

3. The wear and cost of renewals is less for the mill than for stamps, the

cost being from twopence to threepence per ton of ore for the former, against

about fivepence or sixpence for the latter.

4. There is less loss hij flouring of amalgam and quicksilver, while the good

discharge and absence of grinding leaves the pulp in a better condition for

concentration.

The first three advantages appear to refer only to such soft and brittle

ores as are especially suited to the Huntington mill The mill requires to

be set to work in an intelligent manner by experienced and skilful hands,

and watched carefully. The dangers of over-feeding have been already

alluded to. One difficulty in automatic feeding is that self-feeding, such

as is carried on by stamps, is impossible. The automatic feeder must work
separately and be set to feed a certain weight of ore per hour, this weight

having been determined by trial. If, after this, there is any change in the

hardness of the rock, no automatic change in the rate of feeding takes place,

and the machine may be choked up or run at below its maximum capacity

unless watched and the feeder regulated. Another difficulty is in the quantity

of water to be added. An excess of water, making thin pulp, does not favour

internal amalgamation, and it may be stated that, in general, the pulp should

be kept as thick as possible, consistent with its prompt discharge through
he screens -when sufficiently fine. If the pulp is too thick to run easily over

he copper plates outside the mill, water may be added there by means of

b perforated pipe. The rate of running should be as high as possible, since,
“ the other conditions are the same, the crushing power varies as the cube
“ the number of revolutions per minute.

A few examples are appended of the results obtained in actual practice
" this excellent machine. At the Spanish Mine, Nevada County, California,

here are ^ four* Huntington mills, three of 5 feet diameter and one of 4 feet

liameter. The ore is free-milling and is passed through a Blake stone-

)reaker and thence to the mills. The four mills run at 58 revolutions per
minute, and pulverise 35 tons of ore each in twenty-four hours, to pass
through a slot screen equal to 20 mesh. The pulp is passed over the usual
amalgamated plates after leaving the mills, and J oz. of mercury is added
with each ton of ore. Forty-five per cent, of the gold recovered comes from
the inside of the mill, where the amalgam obtained is much richer than
that from the plates. The loss of quicksilver is from to oz. per ton
of ore, and the total cost of milling is about one shilling per ton, while for the
month of November, 1887, it was only tenpence per ton. The ore is a soft

talcose slate, containing streaks and veins of ferruginous quartz, carrying
gold. The chief trouble in working lies in the frequent re-adjustment of feed
which is found necessary. In a special test run of one month 42-4 per cent.

^ This account refers to the practice in the year 1887.
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of the gold contents was extracted, and the remainder lost in the tailings.

This poor result w^as prohahiy due to over-feeding, but profits were made,,

nevertheless, although the ore yielded only a little over 1 dwt. of gold per
ton in 1887 and 1888. Twenty-two horse-power were used by the Huntington
mills in crushing from 120 to 140 tons per day.

At the Shaw Mine, El Dorado County, a 5-foot mill, making 50 revolu-

tions per minute, pulverised 10 to 12 tons per day, so as to pass through a
25- ‘to 30-mesh screen. At the Mathines-Creek Mine, in the same county, a
5-foot mill pulverised 9 to 10 tons per twenty-four hours, so as to pass a
screen equal to a 40 mesh. At the Monto Cristo Mine, Mono County, two
5-foot mills, running at from 65 to 75 revolutions per minute, pulverised

2 tons of ore per hour to pass a screen equal to a 40 mesh
;
25 lbs. of quick-

silver were charged into each mill at the commencement of the run, and about
oz. more added each hah hour.

In an account of Huntington mill practice at Kalgoorlie,^ von Bernewitz.

gives a list of ten 5-feet mills in use there in 1912. In these mills, the per-

centage of gold recovered by amalgamation, in the cases where it was stated,

varied from 20 to 60 per cent. The ores consisted of mixtures of oxide of

iron, ferruginous clay and quartz. Bunched screens equal to about 30-mesh
wire screens were used in all cases. The speed of the mills was from 68 to-

74 revolutions per minute, and the daily capacity was from 30 to 80 tons of

ore per mill, according to the hardness of the ore. The cost of milling in

four cases cited was from Is. 8d. to 3s. 4d. per ton, including the cost of

water. The pulp from the Huntington mills was collected and the sand
cyanided.

Although cases have been adduced in which 90 per cent, of the gold

contents of an ore crushed in the Huntington mill was retained inside the

machine, this is decidedly exceptional, and the mill is probably inferior to
the stamp mill as an amalgamator on many ores.

The high cost of repairs in the Huntington mill limits its use. The objection

to the mill is not so much the actual wear, but that certain parts of the mill

wear out in one spot, so that a large casting, little worn in other places, has

to be scrapped (Semple). Suggestions are made by G. C. Semple to reduce

the excessive wear and to make replacement of parts cheaper.^ The absence

of sliming effect is in favour of the use of the mill for re-grinding taihng

for concentration.

Among other roller mills, the Bryan Mill is one of the most successful.^

It resembles the Chilian mill and consists of an annular mortar in which

are fixed segmental annular steel dies. The ore is crushed by three vertical

rollers with fixed horizontal axles, which rotate in journals fixed to an annular

horizontal rotating plate. This plate revolves round the central axis of the

machine, and the rollers are made to run round on the dies. A scraper follows

each roller to keep the dies clean, and to discharge the pulp through the screens

which form the wall of the trough ail round. The pulp runs round at the

rate of 300 feet per minute or more at the periphery, the plate moving the

rollers making 30 revolutions per minute. The mill is suitable for hard as

well as for soft ores. The capacity of a 4-foot mill is about 15 or 20 tons.

^ Von Bernewitz, Mng. and Press, Nov. 10, 1912 ; Cyanide Pmctioe, 1910 to 1913,.

p. 177.
^ Semple, Trans. Amer. Inst. Mng. Eng., 1911, 4^5 602.

® See also article by F. Furman in Metal Miner, 1896, p. 266 : and E. A. Tays, Trans^

Amer. Inst. 3Ing. Eng., 1899, 29, 776.
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of quartz ore per day through a 40-mesh screen. The Bryan Mill has been

introduced on the Pacific Coast,, in Mexico, and in Australia for crushing

gold ores.

The Chilian Mill and other fine grinders are described in Chap. X.

The Tyrolean Mill—In Hungary, in Transylvania, and in the Tyrol, the

principle of separation of the operations of crushing and amalgamation is

still successfully used, the mills employed having a strong resemblance to

the amalgamation pans described below (pp. 223-227). In some districts

of Hungary and Transylvania, Californian stamps have been recently intro-

duced, displacing to some extent the square German stamps, but the amalga-
mation is still effected in bowls or pans, called in Germany QuichniiUs,’^

which are the modern equivalents of the old TjTolean mills still to be found
.at work in certain retired valleys in the Eastern Alps (see p. 152), The best

known of these modern machines are the ScJmnmiz 3IiU and the Lazzlo

Amalgamator.

The Schemintz Mill, shown in Fig. 99, closely resembles the ancient form

and is always used in pairs, one overflowing into the other. It consists of
a cast-iron bowl, about 2 feet in diameter at the top and 18 inches at the
bottom, with an internal depth of 7 inches. A massive wooden muller, B,
hollowed out inside in the form of a cone, is suspended in the bowl by the
iron rods, C, and is revolved at the rate of about thirty turns per minute.
About 26 lbs. of mercury are charged into the bowl, and the lower face of
the muller is set with twenty iron teeth, D, placed radially, which almost
touch the mercury and force the pulp (delivered into the mill from the trough,
E) outwards towards the periphery of the bowl, -whence it overflows into the
second mill.^

In the neighbomhood of Schemmtz, in Hungary, lead ores, containing

^ Schnabel and Louis, Metalhur/i/, 1905, vdl. i., p. 961.
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2 to 4 dwts. of gold per ton are cruslied by stamps and are treated in

these mills, the tailing being concentrated for smelting. At Xagvbanya. in

Hungary, the loss of mercury in these mills amounts to from T to 1 part
for each part of bullion recovered.

^

Thus at the Kreuzberg works, near
Nagybanya, in one month 155 metric tons of ore were treated, and 1*957
kilogrammes (62*9 ozs.) of gold were recovered with the loss of 1*9 kilogrammes
of mercury, and in another month 754*5 metric tons of ore viekied 5*756
kilogrammes (185*8 ozs.) of gold, with the loss of 2*9 kilogrammes of mercurv.^
The clean-up usually takes place once or twice a month, and the capacitv of

each pair of mills is from | to 1 ton of ore per day.

The Lazzlo Amalgamator ^ differs from the Schemnitz mill mainly in having
a flat-bottomed bowl, which is furnished with two circular iron partitions

dividing the bowl into thi-ee concentric compartments. The ore is fed into

the centre one and overflows into the others in succession, and thence into

a second smaller bowl. The muller is of iron, and dips into each compart-
ment of the bowl compelling the pulp to pass down and come in contact

with the mercury three times before it escapes, and the gold, owing to its

density, does not readily pass up^vards and over the partitions.

At the Fiizesd Dreifaltigkeit Mine, near Boicza, in Hungary, the ore is

crushed by Californian stamps, the capacity of which is 0*8 ton per head
in 24 hours, and then passed through Lazzlo amalgamators. The amalgam
is collected in settling pans, w-hich resemble the amalgamators, but have no
iron teeth, and the tailing is classified in spitzkasten, and concentrated

by passing over buddies and then over canvas tables. The am‘iferous pyrite

is caught on the buddies and sold to smelters, but the product of the canvas

tables is very rich in free gold, and is ground with mercury in iron mortars

by hand with pestles. The Lazzlo amalgamators are about 25 inches in

diameter, and each pair treats from 1*7 to 2 tons of ore in twenty-foiu hours,

75 to 80 per cent, of the gold being saved. The loss of mercury is about

1 oz. per ton of ore, and the power required for twenty-four pairs of amalga-

mators and eight settlers is 4 H.P.

At a mine near Brad, in Transylvania, each pair of amalgamators treats

from 3 to 3-| tons of ore per day, but only 55 per cent, of the gold is extracted,

the tailing being treated in American pans, and concentrated on Bilharz

tables for smelting. Specimens of the ore containing visible gold are amal-

gamated by hand in mortars, and the rest contains about 8 dwts. per ton.

Amalgamation Pans.—^An amalgamation pan consists of a cncular cast-

iron pan, provided on the inside wuth a renewable false bottom of cast iron

—

constituting the lower grinding surface—and a muller,'’ or upper grinding

smdace (d. Fig. 100), attached to a vertical revolving spindle, g, which is set

in motion by bevel wheels, t, placed below the pan. The muller grinds to

impalpable pulp ore which has been ahead}" reduced to a coarse powder by
stamps, and also mixes the ore with mercmy, introduced into the bottom
of the pan, and so amalgamates the gold and silver. The origin of the pan is

probably to be traced to the Mexican arrastra, and some of the varieties of

the pan are merely slightly modified arrastras. One variety consists of a

sectional wrought-iron pan fitted with a granite grinding bottom and with

granite mullers, which are attached to a vertical spindle rotated by hand or

by animal power.

In work on gold ores the use of amalgamating pans was formerly mainly

^ Loc. cit. 2 Ihid.^ p. 9t>3.
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limited to regrinding skimmings, blanket sand, and concentrate obtained

in working a stamp niiil. Pans are now largely used at Kalgoorlie in grinding-

roasted snlpbo-tellmide ore (see below, p. 227, and also Chap. XVII). In

this case some gold is amalgamated, but the object of the pans is in part to

prepare the ore"^for cyaniding. They are also used, at Kalgoorlie, in the wet

crushing mills, merely as fine grinders of um*oasted ore, as an alternative

to tube" mills In this case, amalgamation is not practised, and the

ore is merely prepared for cyaniding or concentration.

Silver ores were formerly often crushed in a battery, roasted with salt

if necessary, and then amalgamated in pans. Silver ores containing, con-

siderable quantities of gold were often similarly treated, but with gold

ores proper it was seldom necessary to resort to this process, which has

now become obsolete, and only a brief account is given below.^

Gold ores which do not yield a fair percentage of their values when run

over amalgamated plates are occasionally treated in pans. In such cases the

ore may be roasted or treated raw. As already stated (p. 208) it is seldom

advantageous to roast a gold ore before amalgamation, since, although in

a roasted ppitic ore specks of free gold may often be detected where none
were visible in the raw ore, a part of the precious metal usually appears

after roasting to be diflicult to bring in contact with mercury. The cause

of this is not always easy to discover, but it may sometimes be due to the

coating of gold by thin films of iron oxide or other minerals. Moreover,

the addition of salt to a gold ore in the roasting fiunace, as is pointed out in

the chapter on chlorination, is often attended by appreciable losses by
volatilisation. These two causes are sufficient to account for the low per-

centage of gold usually extracted when an amiferous silver ore is treated

by roasting with salt and pan-amalgamation. Under exceptional circum-

stances a gold ore may prove to be satisfactorily handled by roasting and
amalgamation.

Pan-amalgamation, whether the ores treated are raw or roasted, may
be conducted in one of two ways. The older system is to crush wet in the

stamp mill, and collect the ore in large shallow settling pits or pointed boxes
(see p. 256). A sufficiently dry pulp having been obtained by draining, it

is dug out by hand and charged into the pans. A newer method, the con-

tinuous system, is briefly described on p. 226,

Old System .
—^The amalgamating pans in use are very numerous, and vary

greatly in form. The shape of the bottom was formerly much in dispute,

flat, cone-shaped, and hemispherical bottoms each having its advocates,

but it is now generally believed that flat-bottomed pans are the best, wearing
more evenly and doing more work. The pans are often heated, so as to

increase the rate of amalgamation, by means of steam led through a chamber
below a false bottom in the pan, but the more economical device of intro-

ducing steam into the pulp itself has also at all times been in use. The
objections to the latter coui*se are that the pulp may be so much diluted

that amalgamation is checked, and that oil is liable to be introduced with
the steam with equally disastrous results. When the ore is roasted before
being treated in the pan, it is in some mills charged in hot, hot -water being-

added also, and as the pan is covered up and is still warm from the previous
charge, it remains at a sufficiently high temperature throughout the operation

1 See H. E. Collins, Meialhirgif of Silver, pp. 80-111, for a detailed description of the
Pan-amalgamation Process.
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without fui'ther treatment. The grinding of the ore by the muller is an
additional source of heat.

One of the common forms of amalgamating pans is shown in Fig. lOCL

This pan is 5 feet in diameter, with cast-iron bottom, a, and wooden sides,

h. The niuilers are shown resting on the cast-iron dies, e, which protect

the bottom from wear, whilst replaceable shoes attached to the lower surface

of the mullers are also shown. The shoes and dies can be kept in contact

while the spindle, g, is rotated, so that the ore can be ground, or the muller

can be raised by rotating the hand-wheel and centre screw, on the top
of the spindle, so that only circulation and mixing of the charge take place.

In some pans copper plates, /, are introduced, being attached to the side

walls and projecting into the interior. These plates are intended both to

mix the pulp and to catch the amalgam, much of which is retained on them.

The more usual system is to employ separate vessels called settlers for the

collection of the quicksilver and amalgam, after the pans are discharged.

The speed of the muller is usually from 65 to 75 revolutions per minute.

Below the muller the pulp is continually worked from the centre of the pan

to the circumference, being returned towards the centre above the muller

and passing down through the latter by inclined slots which terminate near

the centre. In Fig. 100, which represents the form known as the Patton

pan, n is the main through which steam is passed into the chamber, b, to

heat the pulp, and 7n is the outlet pipe.

The method of operation is as follows :—The charge of ore is introduced

with the mullers raised slightly and kept revolving, water being added at

the same time in quantities sufidcient to make the pulp of a pasty consistency,

15
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so that globules of mercuiy remain suspended in it without subsiding. The
mullers are then lowered and the ore ground for from two to four hours, after

whic'h the mullers are raised and the mercuiy added gi*adually, and thoroughly

mixed with the pulp for six to eight hours longer. The object in raising

the mullers is to prevent the sulphides from being ground up with mercuiy,

which would cause considerable losses by flouiing and sickening. Nevertheless

this raising of the mullers is not an invariable practice. When the amalgama-

tion is thought to be complete, water is introduced to dilute the pulp, and

the whole is discharged into a settler
;

or else the diluted pulp is stirred

by the raised muller at a reduced rate of speed until the globules of mercury

have re-united and sunk to the bottom, when the pulp is gradually run oS,

beginning at the top, usually by pulling out in succession plugs set in the side

of the pan at different levels. The discharge takes place into a bucket or

tub, where some of the mercuiy accidentally carried over is caught. The
bulk of the mercmy in some mills is drawn off from the bottom of the pan

before the pulp is discharged.

In order to facilitate amalgamation various chemicals have been recom-

mended as desirable additions to the charge. In later practice, however,

only salt, sulphate of copper, nitre, cyanide of potassium, lime and sodium
ainalgam were used (see pp. 184 and 191). In treating gold ores, cyanide of

potassium and sodium amalgam were added to keep the mercury clean and
lively, but both chemicals are now comparatively rarely resorted to. Salt

and sulphate of copper are chiefly added to silver ores, their use having been

suggested by the Patio process. They are believed to decompose certain

base minerals, and so to prevent the sickening of mercury, which would
otherwise be caused by their presence, and also to liberate silver from some
of its compounds and thus render it capable of amalgamation. The use of

lime is of com:se to neutralise any acid sulphates of iron, etc., which may
be formed by the partial decomposition of the ore, and so prevent the

sickening of the mercury. If added when the pulp is diluted, lime is said

to be efficacious in assisting the mercury to collect together and settle.^

The results of a number of careful laboratory experiments with a small

amalgamating pan are given by H. 0. Hofman and C. E. Hayward.^ The
influence of time, and amounts of salt and blue vitriol were examined.

The Boss Continuous System .—In this system of pan-amalgamation the

pulp is continuously run direct from the stamp battery through a series

of pans arranged so that each overflows into the next one, which is placed
at a slightly lower level. The first two or three pans are arranged as grinders,

the battery pulp not being fine enough for complete amalgamation, and the

pulp is then passed through a series of amalgamating pans supplied with
mercmy. After this the mercmy and amalgam are separated from the
ore in settlers, which are larger pans in which the pulp is diluted and sthred
less vigorously. The tailing overflows from the settlers, and is run to waste
or led over concentrators. The number of pans arranged in series through
which the pulp must pass, in order to yield a fair percentage of its precious
metals, is determined by experiment for each particular ore. It is obvious
that the consistency of the pulp must be thinner than has usually been
considered desirable for successful amalgamation, and, as a matter of fact,

For a full accoxint of the chemical reactions involved in pan-amalgamation, see the
Meport of the United StaUs Survey of the Fortieth Parallel^ vol. iii., chap. v.

3 Hofman and Hayward, Tram. Amer. Imt. Mncf. Eng.^ 1909, 40, 382.
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its volume is usually doubled by the mtroduetioii of the continuous process,

but in spite of this the percentage of extraction is not lower than by the old

method. By the Boss system there is a large saving in labour, fuel, and in

wear and tear
;

the settling pits or pointed boxes are dispensed with, and
no movement of the pulp by hand is needed. The mercury is collected in

wells and pumped up into tanks, whence it is fed automatically into the

amalgamating pans.

Modem Practice with Pans.—^The pans used at Kalgoorlie, Western
Australia, are of the Wheeler type.^ The Wheeler pan differs from the

combination pan chiefly in the shape of the shoes and dies, which have
curved radial and bevelled sides instead of straight radial sides (Gow-
land). The Kalgoorlie Wheeler pans are usually 5 feet in diameter, revolving

at 45 to 60 turns per minute and requiring about 5 horse-power. They range

up to 8 feet in diameter.- They have heavy mullers, which can be raised or

lowered as usual. ” A set of shoes and dies lasts from four to six months
on roasted ore, and when half-worn down a compensating weight of some
600 lbs. is put on the top of the plate. They grind about 10 tons per day,

at a cost of Is. 7*8d. per ton milled. The side feed is satisfactory and is almost

universal/’ ® the alternative being central feed. The Cobhe-Middleton pan ^

was introduced at Kalgoorlie in 1907. It differs from the Wheeler pan in

having the pressm'e between the shoes and dies maintained constant by
means of weighted levers acting below the body of the pan and pressing

it upwards. The body of the pan is held by guides, up and down which it

can slide, and when it is desired to release the pressure between the shoes

and dies, the body of the pan can be depressed by rotating a handwheel.

The feed is central The ore from 40 stamps at the Hainault Mine without

previously passing over amalgamated plates was sent to five of these pans,

which amalgamated the pulp and reduced it from 8-iiiesh to 40-mesh actual

About 7 horse-power was required per pan. The tailing was classified and
concentrated, and the concentrate roasted and cyanided.

At Kalgoorlie pans are used for grinding and amalgamating wherever

the roasting process is in vogue, and at the wet crushing mills both pans

and tube mills are used for fine grinding. Pans take the ball-mill product,

of which 40 per cent, will pass a 150-mesh screen, and reduce it so that 90 per

cent, will pass the same screen (von Bernewitz).

Wheeler pans have been found advantageous at the Ivanhoe Mill ^ for

regrinding, and Broadbridge suggests that the pan should be used as an

intermediate grinding medium, afterwards passing the product through

tube mills.

At the Ivanhoe Mill it was found by Nicholson® that the product of

10 stamps could be dealt with by two pans, using battery screens of 10 mesh

or 100 holes to the square inch. The screen tests gave the results in

Table XXIII.
Nicholson introduced the use of compensating weights to fit on the muller

when it had become partly worn. Even when these are used, the product

1 For description of the original MTbeeler pan, introduced in 1802, see J. A. Phillips,

Gold and Silver, 1867, p. 397 ;
Schnabel and Louis, Metallur(jy, 1905, voL i., p. 793.

2 Gowland, Non-Fer7'ous Mekils, 1914, p. 276.
3 Von Bemewitz, J. Chem. Met. and Mnrf. Soc. of S. Apdca, 1909, 10, 222.

^ Mining Mag., 1909, I, 213.

5 W. Broadbridge, Tram. Imt. Myaj. and Met., 1904, 1

4

, 104.

3 Broadbridge, ibid., p. 149.
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of pans is not quite so fine as that given by tube mills, but there are com-

pensating advantages. Nicholson considered that five 5-foot pans would

do the same work as two 16-foot tube mills (so that the first cost of pans

would be less than half that of the tube mills), and that the cost of running

would be about the same. The power required per pan was about 5*3 H.P.

at the Ivanhoe Mill.

TABLE XXIII.

Pulp Leaving
Mortar Boxes.

Product of

Spitzkasten
Entering Pans.

Product Leaving
Pans.

On 20 mesh,

•

Per Cent.

15*6
Per Cent.

26-3
Per Cent.

Nil.

„ 30 9*7 15*7 >9

„ 40 „ ... 1

4*2 6*4

„ 60 „ 16*4 16*4 10-6

„ 90 „ 8*0 8*7 18*6

Through 90 „ 46*1
1

26 >5 70*8

M. G. F. Sohnlein ^ found a 5-foot pan efficient for fine grinding small

quantities of sand concentrate in Bolivia. The pulp was de-watered to

contain 48 per cent, of solid material and fed centrally through the cylinder

around the central column, so that it all passed under the mullers, and was
discharged after the single passage. At one passage about 30 per cent, of

the feed was sufficiently ground. The oversize was retmmed from a Dorr
classifier. The speed of the mullers was 60 revolutions per minute. The
feed was 38 tons of sand from Overstroni tables, the quantity of sand
actually ground to pass 200-mesh being 30 tons per day. The material was
not hard (consisting of 50 per cent, of quartz, felspar and slate and 50 per

cent, of iron oxide obtained by roasting pyrite), and was graded as

follows, before going to the pan :

—

On 40 mesh.

„ 60

» 80

„ 100

„150
,,200

Through 200

jj

33

20-0 per ceat.

20-6 „
16-5 „
10-5 „
8-5 „
6-5 „

18*5 „

The power required was 6*26 H.P., so that 4-76 tons were slimed per H.P.
per hour. The total cost was 30 cents per ton.

In regard to Sohnlein’s results, A. James remarks ^ that at Kalgoorlie,

\vhere the central feed has also been tried, the practice was to grind the
coarse sand to an intermediate size in two pans in parallel and to slime their

product in a third pan. The usual results were not so good as those
claimed by Sohnlein.

^ Sohnlein, mid Mjig. 1913, 96, 581 ; see also E. E. Wann, ibid., p. 1183, and
Sohnlein, ibid., 1914, 97, 822.

^ James, 3In{i. and Sci. Press, 1914, 108, 73.
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6. A. and H. S. Denny ^ give some of the advantages of using pans for

fine grinding instead of tube mills, as follows :

—

(1) Their accessibility.

(2) The possibility of internal amalgamation.

(3) The smaller capacity of the unit.

(4) The saving of time in the renewals of working parts.

Kevertheless, tube mills seem to be generally preferred to pans, partly because
the former yield a finer product.

Amalgamation of Concentrate In Pans ,
—^The treatment of concentrate

by pan-amalgamation is almost if not entirely obsolete, and does not represent

modern practice, in which concentrate is either smelted or treated by
wet methods. Whether concentrate has been previously roasted or not,

its treatment in pans is seldom attended by the successful extraction of

a high percentage of the gold. A stone arrastra usually gives better results

in treating roasted concentrate than an iron pan. In Australia the method
was often adopted of employing a large excess of mercury and little water,

and of keeping the roasted material from contact with iron, and in some
experiments conducted in Mexico, C. A. Stetefeldt found that by the use

of gold amalgam instead of mercury, and by grinding in stone vessels, a

high percentage of gold was extracted from low-grade ores.

Among special forms of pans designed to treat concentrate are the

Berdan pan and the Britten pan, which were both introduced many
years ago.

The Berdan pan “ is a shallow annular basin about 4 feet in diameter,

smTOunding a cone which is attached to a spindle set at an angle of about
15° to the vertical. The spindle is rotated by ]3evel gearing at 20 to 30 revolu-

tions per minute, and carries the basin round with it. In the annular basin

are one or two loose iron balls which remain at the lower side of the cone

when the pan revolves. The pulp is fed in with mercury at the higher side,

and is ground by the balls and discharged over the lower edge of the pan.

The capacity of the Berdan pan is from 1 to 2|- tons per day. It is used

chiefly in Australia.

The Britten pan is a deeper cast-iron stationary basin almost hemispherical

in shape, in which a pear-shaped muller rolls round. It was formerly used

for grinding and amalgamating rich specimen ore and concentrate in Wales.

It is of small capacity, and is not a continuous machine like the Berdan

pan, but grinds the charge put into it as long as is desired.

^ G. A. and H. S. Denny, Miaina Ma*j. (New York), Sept. 1005, p. ISO.

2 For Ml description and illustrations, see Louis, Gold Milluyj, 1894, pp. 343-346.
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CHAPTER X.

FINE GRINDING.

Discussion of Coarse and Fine Crushing,—^The ordinary system of treating

free-milling '' gold ores consists in crushing in the stamp battery, amal-

gamating either in or outside the battery, and treating the tailing by the.

cyanide process. The free or amalgamable gold is caught on amalgamated

plates, and the gold contained in ppite, tellurides, etc., is left for the attack

of cyanide. Ores are of infinite variation, however, and the percentage of

gold recoverable by amalgamation can hardly be fixed even for a single

ore. It depends on many factors, the main one being in most cases the

degree of fineness to which the ore is crushed. In general some of the gold

is distributed through the ore in an extremely fine state of division, and the

finer the crushing the more gold is laid open to the attack either of mercmy
or of cyanide. This consideration points to the desirabihty of “ sliming

all the ore, if it can be done cheaply enough.

On the other hand, the gold is generally in part contained in sulphides,

tellmrides, etc. These form the richest part of most ores, and retain their

gold with greater obstinac}" than the other constituents of the ore. They
are also the most brittle, so that if the w^hole ore is reduced to a fine state

of division the sulphides, etc., are converted into an impalpable slime. In

this condition they cannot readily be saved by concentration. At one time
another objection to fine crushing was that the crushed material could not

be treated by cyanide or chlorine on account of the mechanical difficulties

of leaching. It was necessary in chlorination to use pressure in shallow

leaching vats, and in cyaniding to separate the slime from the sand, and
to leave the former untreated. Now that slime can be treated by decantation

or filter pressing, or with the use of vacuum filters, the objection to its for-

mation has less force.

All exact definition of slime is desirable. Perhaps the most useful

definition is that portion of the crushed ore which, owing to its physical

condition, cannot he leached by percolation under the action of gravity.’'

The '^physical condition” is d'efined by H. A. White ^ as “ minutely sub-
divided condition and the presence of colloidal substances.” Such material
does not subside readily in water. It has been proposed that finely crushed
material which settles readily in water and can be leached should be called

^^grit,” but this word has not passed into general use.

Before the introduction of the cyanide process, when the general methods
of treatment were crushing and amalgamation, followed by concentration
and the treatment of the concentrate by roasting and chlorination, the
am was to avoid the formation of slime. At that time the value of crushers
giving a uniform product seemed especially great, and rolls were strongly

^ White, Rand Metalhirgical Practice^ vol. i., p. 189.
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advocated as against stamps, which produced a greater proportion of verv
hnely divided material. Later, when the Kaigoorlie ores began to be treated
by dry crushing and roasti^, the uniform product of ball mills was found
to be better than the partially slimed product of Griffin mills, because of
the greater difiicuity of roasting the latter.^ When ores are siibseqiientlv
to be roasted there is little advantage in fine crushing, because in the course
of roasting the particles usually become porous, so that chlorine or cyanide
can penetrate into their interior and dissolve gold which has not been exposed
on the surface of the grains.

Now, however, it is fully realised that, in the case of ore which is treated
without roasting, the finer the state of division the higher the percentage
of gold that can be extracted. The method of regrin^ng the product of
the stamp battery or of dry crushers in other machines has been developed,
resulting in a higher percentage of extraction in many cases. Tliis has been
followed by attempts to increase output by using coarser batterv screens,
and also to use a method of gradual reduction in successive machines, rather
than one of great reduction in size in a single machine.

It has aheady been pointed out that if ore is retained for a long time
in the mortar of a stamp battery by increasing the height of discharge and
the fineness of the screens, and by diminishing the screen area, a "higher
percentage of gold can be amalgamated in the battery and the fineness of
the product increased. The result is that only 1 or 2 tons of ore are crushed
per stamp per diem, but most of the gold is caught by the inside copper plates.

\\ hen the screens are coarse and set low down, the crushed ore is rapidlv
discharged, a smaller proportion of fine material is produced, and the per-
centage of gold which could be amalgamated in the mortar is small, so that
the advantage of addii^* mercmy with the ore disappears and all gold-
catching by amalgamation is left to outside plates. The coarse battery-
pulp, however, yields little to amalgamation and scoiu-s the plates. There
is, therefore, a tendency to omit this step also, and to pass the ore through
fine grinders before amalgamation. So far, this is a method similar to the
old German practice (see p. 152), and it appears to be well established that
the reversion to ancient methods is desirable, and that the stamp battery is

neither the most economical fine crusher nor the most efficient amalgamator.
For example, it has been established that for such hard, brittle ores as

those of the Eand it is most advantageous to reduce the ore to If inches
in rock-breakers before feeding it to the stamps, to crush to about J inch
through screens (9-mesh screens, apertm*e 0-272 inch) in the stamp batteries

(I inch is also used), and to grind to about 90-mesh in tube mills, after which
the pulp is amalgamated by being passed over plates.

The influence of the screen on the output of ore is illustrated by the
following results obtained in 1904 at the Glen Deep Mill on the Witwaters-
rand :

—

Screen, Holes i>ei

Square Inch.

800
200
150

100

64

Output per Stamp in

Twenty-four Hours.

4*9 tons.

6-9 „
7*8

8-04 „

9*4 -f

under tlie most
” \ favourable circumstances.

^ ^Y. Evan Simpson, Trans. Inst. 3Tn{f. and Met., 1904, 13, 22.
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With screens of four hoies to the square inch the output per stamp is

20 tons and upwards per day, as at the Consolidated Langlaagte and Van
Eyn Beep Mills.

As the Eand ore must finally be treated with cyanide in any case, the

question naturally arises, “ Cannot amalgamation be dispensed with alto-

gether 1 ” One answer is that it is well to remove coarse gold by amalgama-

tion, and to leave to the cyanide plant any gold which is finely divided

enough to be dissolved. This method is maintained on the Eand. The

alternative method is to pass the coarse particles of gold through the tube

mill again and again, returning them with the oversize, until they are

sufficiently comminuted to be readily soluble in cyanide. This method has

been adopted at many mills in America.

Energy consumed in Crushing.—Consideration has lately been given

by H. Stadler,^ A. 0. Grates,^ A. F. Taggert,^ S. J. Speak, ^ and others to the

amount of energy consumed in crushing. Attempts have been made to make
use of the ‘‘ laws ” of Eittinger and Buck, and to adapt them to ore crushing,

but neither of them provides a perfectly satisfactory basis for calculation.

Eittinger’s law is to the effect that the energy absorbed in crushing is

proportional to the surface produced (Gates) or to the reduction in diameter

(Speak)
;
and Kick’s law, as stated by Stadler, is that the energy required

for producing analogous changes of configuration of geometrically similar

bodies of equal technological state varies as the volumes or weights of these

bodies.”

When the energy required for crushing an ore has been estimated, data

are obtained for approaching from the side of theory the problem of determin-

ing the relative efficiency of various crushing machines, such as stamps, rolls,

pans, and tube mills
;
and some help may be given in the selection of the

machine to be adopted for a definite purpose in a particular case. At
present this selection is difficult, and mistakes are sometimes made. Up to

the present, however, theory has given no certain guidance.

Tube Mills.—^Fine grinding of coarsely crushed ore is effected in pans,

tube mills, conical pebble mills, such as the Hardinge mill, and Chilian

mills. In pans, amalgamation is simultaneously carried on, and they are

dealt with above, p. 223. The other machines are considered in this chapter.

Tube mills are 'par excellence the machines for fine grinding. They were
first used in grinding tin ore in Cornwall about the year 1879,® and in

grinding gold ore at Butte, Montana, in 1894,® and are also used in the

cement industry for di-y grinding. They were applied to gold ores by Dr.

Diehl and by Mr. Sutherland in West Australia in 1899, and are used for wet
grinding. They consist of revolving cylinders rather more than half-filled

with pebbles, by the impact of which, in falling, coarse particles of sand are

crushed fine. They differ from ball mills (g.u.) essentially in having the inlet

for ore at one end and the outlet at the other, and in the absence of provision
in the machine itself for the retmm of uncrushed material (oversize). It is,

therefore, necessary for the cylinders to be of greater length than in ball

mills. The number of pebbles used in tube mills is also much larger than
that of the steel balls in ball mills.

^ Stadler, Trans. Imt. Mng. and MeL^ 1910, 19* 478.
2 Gates, Eng. and Mng. J., May 24, 1913, p. 1039 ; April 18, 1914, p. 795.
^ Taggert, “The Work of Crushing,” Bull. Amer. Inst. Mng. Eng., Jan. 1914, p. 143.
^ Speak, Trans. Imt. Mng. and Met, 1914, 23 , 482.
^ Eng. and Mng. J., June 10 and July 28, 1906.
® Abbe, Eng. and Mng. J., May 26, 1906, p. 1010.
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The cylinders consist of | to
|
inch steel plate with cast-iron or steel heads,

which are strengthened by radial ribs. Fig. 101 ^ shows a tube mill with
•cast-iron ends.

The variation in size of tube mills used in different parts of the world is

considerable.^ At Kalgoorlie some of the earlier tube mills were SJ feet by
13 feet, but they are now generally 4 feet by 16 feet. At El Oro, in Mexic^
some mills 5 feet by 24 feet are in use, but generally in North America the
o feet by 18 feet mills are most popular. On the Rfand the standard size is

feet by 22 feet, and mills of 6 feet by 16i- feet, installed at the new Con-
solidated Langiaagte Mill, are not considered by Caldecott to do better work.
However, there is at present a tendency in favour of shorter mills, with the
hope of increased efficiency by removing the slimed portion of the ore sooner.

In 1914, short tube mills only 6 feet long and 7 or 8 feet in diameter were
introduced, but there are no available data as to their success in practice.

The cylinders of tube mills have recently been made in sections for trans-

portation on mule back (see Fig. 102).® The sectional cylinder is sometimes
made of great size, up to 5 feet in diameter and 16 feet long.

The cylinder is carried on two hollow trunnions, one at each end. The

pulp enters through one of these (left-hand end in Fig. 101), and is discharged

through the other. The Cooper roller bearings for the trunnions have recently

been introduced, wdth the object of saving power.

The Iming consists of hard wood, chilled cast iron, hard homogeneous
iron, steel, manganese steel, quartzite, or flint (silex). Of these, wooden
blocks were stated to be worn out in three days in South Africa, and cast-iron

plates in three weeks, but in this case coarse ore was said to have been treated.

Manganese steel linings lasted fifteen months at Kalgoorlie, and chilled

iron liners from seven to ten months.^ The great cost of manganese steel

made it less economical than hard iron.®

The usual lining has been silex or flint blocks about 6 inches thick cemented

in. On the Rand, where local chert is used for lining, the life of the lining

^ Dowling. Band Metallunjical Practice, vol. i., p. 106.
2 See Gieser, Encf. and Mng. J., 1914, 97, 463, for complete data.
3 Reproduced with the permission of the Cyanide Plant Supply Co.
^ A. James, Tran^. Inst. Mng. and Met., 1904, 14 . 98.

3 Trewartha James, ibid., p. 121.
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is about 80 days
;
at the expiration of this period it is usually found that it

has been worn down to 14 inches thick at the end near the iiilet. The wear

of flint linings is equal in weight to the wear of the flint pebbles, according

to Dr. Diehl, but is far less according to S. Eobinson.^ The wear of liners

is more rapid at the inflow end than near the outflow. The thickness of

the flint lining was at first 24 inches, and was afterwards increased to

4 inches, and then to 6 or 7 inches.

Iron-ribbed liners were introduced first at El Oro (Gieser), and are in

wide use. The ribbed form is designed to reduce the slip of the pebbles,

which was very great with smooth iron liners, and not inconsiderable with

new silex linings. When the pebbles slip, they are not carried high enough

for efiective impact in falling (see below, p. 242), and the output of the mill

falls ofi. Nevertheless, smooth iron liners are preferred at Tonopah, Nevada,-

for very fine grinding.

S. H. Pearce found ^ at the Glen Deep Mill that the introduction of a

new lining, made of rings of manganese steel, was attended with a cessation

of the usual rumbling noise. There was a tendency for the pebbles to wear

Fig. 102 .—Palmarejo Sectionalised Tube Mills (showing Pebble Gratings after

^TeaPs Discharge).

fiat, and the crushing efficiency dropped. After a time the rumbling began
again, and the crushing efficiency increased. It was due to the fact that the

pebbles slipped on the new smooth surface, but that the lining acquired a

rough smtace by wear, and the pebbles were then raised higher, causing

crushing (by impact) instead of reduction by grinding.

W. E. Dowling ^ confirms this view from the experience at the Eobinson
Deep Mill He found that a silex lining takes a larger feed and gives a finer

ground product than manganese steel, owing to the absence of shding action

when the former is used. Eibbed, corrugated or honey-combed steel liners,

however, prevent the slip of the pebbles better than silex blocks, and are

^ Eobiuson, ihid., p. 135.
^ Megraw, Ewj. and M)ig, 1913, 95, 414.
3 Pearce, J. Chem. Met. and Mng. Soc. of S. Afnca, 1905, 5* 30,4.
^ Dowling, ihid.
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much favoured. They absorb more power, but probably increase the effi-

ciency of the mill The speed of rotation may be reduced and power saved

without loss of efficiency in the case of some of these liners.

The Osborn liner (Fig. 103)^ consists of a series of slightly wedge-shaped

iron bars spaced at from 2-i to 5 inches apart at the base round the

periphery of the tube mill, held in place by iron wedges. The liner is used

on the Eand, and its life is found to be much greater than that of silex blocks,

and is said to be 300 days.- It can be replaced more rapidly than silex, and
the unworn ribs near the outflow can be used again. At one mine the cost

per tube mill per day was 38s. 6d. for silex liners and 21s. lOd. for Osborn

liners.^ The pebbles lodge between the ribs, take up the wear and fall out

as the tube revolves.

The El Oro liner (cast-hon segments), the honey-comb liner and the Gibson

liner (short pegs of steel set in cement) have also been used on the Eand.

The Komata liner,- consisting of longitudinal ribs about 18 inches apart

with plates between, was introduced at Komata in Kew Zealand by F. C.

Brown, and is now in wide use, especially in New Zealand and Nevada.

It is shown in section in Fig. 104.^ This liner is thin, and occupies little space,

^ Schinitt, Rand MetaUurfjical Practice^ vol. ii., p. 153.
^ Gieser, Eng. and M)ig. J., 1914, 97, 465, 466.
® Scbmitt, Rand Metallurgical Practice, vol. ii., p. 153,
^ Reproduced wdtli the permission of the Cyanide Plant Supply Co.
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so that the capacity of the mill is increased, but although thin, the liner

has a long life. The ribs are much fmther apart than in other ribbed Imers.

The pehhles usually consist of flint, although the use of steel balls has

been advocated. The size varies up to 3 or 4 inches in diameter. According

to M. Bavidsen,^ in wet crushing, large pebbles wear less rapidly than small

pebbles and crush as finely. The larger the pebbles the coarser may be the

ore fed in. For dry grinding, small pebbles of 1 to 2 inches in diameter are

preferable. The Greenland flints, found on the Banish shores, are more

dui-able than the chalk flints of the French coast. The mill is kept about

half filled with pebbles, the upper level of which varies from 3 inches above

the centre line of the mill (as in S. Africa) to as much as 7 inches below.

On the Rand pieces of banket ore about 4 inches in diameter are fed in

instead of pebbles. The amount req^uired may be as much as 2-2 per cent,

of the total tonnage milled.^ Bowling ® found that the load of pebbles in a

22 feet by 5 feet mill was 12*8 tons, if maintained 3 inches above the axis.

Hence he calculated that the 40,000 pebbles in the mill delivered 1,200,000

blows per minute. The weight of pebble load for a 22 feet mill at all heights

and diameters and the method of calculation is given by Caldecott.^

There are two maiiholes in the shell for use when the mill has to be relined

or repaired.

The feeding of ore and of pebbles into a tube mill is eflected through

one of the trunnions, which is about 8 inches in internal diameter. Several

different methods of feed have been proposed. One of these, designed by

L. Pryce, is shown in Fig 105.^ It consists of two parallel discs 22 inches in

diameter and 7 inches apart. A spiral between the discs connects an opening

at the periphery with the centre. The pebbles fed from a hopper, designed

by J. B. Thomas, into the peripheral opening are carried to the centre and

pushed into the hollow trunnion by an Archimedean screw. The pulp coming

from a classifier or dewaterer enters as shown.

The discharge takes place through the other trunnion, which is also

hollow and is of greater diameter, so that the outflow is about 5 inches

lower than the inflow. The outflow is through a perforated plate (right

hand of Fig. 101), flush with the end liner, with holes of J inch diameter

inside the mill expanding to f inch towards the outflow to prevent choking

(Bowling).

Neal’s discharge, introduced at El Oro in Mexico, is an alternative to the

perforated plate. It consists of a baffle placed inside the tube mill, and a

reverse screw which returns to the tube mill any pebbles which might escape

the baffle, although it permits of the free escape of the water-borne pulverised

pulp. Neal’s discharge is said by Alfred James to be in general use in America

and in wide use in Asia. The internal scoop discharge is mentioned by Br.

Caldecott (see Chap. XVII.). Peripheral discharge has been tried, but

though suitable in dry crushing, is not much used in wet crushing.

Fragments of pebbles and small worn-out pebbles too small to assist in

the crushing pass out with the pulp, and are separated from it by a circular

screen or pebble-catcher of J inch mesh, through which the pulp passes

into a launder, while the pebbles are delivered at the end of the screen.

^ Davidsen, Tram. Inst. Mn(j. and Met.^ 1904, 14, 155.
2 W. R. Bowling, Rand MeUtUiirgical Practice, vol. i., p. 116.
® Bowling, loG. cit.

* Caldecott, J. GJiem. Met. and Mng. Soc. of S. Africa, 1913, 13 * '^<53.

^ Bowling, Rami Metallargical Practice, vol. i., p. 114.
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Tlie sfeed of revolution of tube mills varies witli the diameter. Khupp
32 . .

uses the formula for the correct number of revolutions per minute,

. . .200
where D = internal diameter in metres. The Davidsen formula is

Vb
where D is the diameter in inches. These two formula? are almost identical

and would give about 26 revolutions per minute for a mill of 5 feet in diameter.

34*22
White’s formula is where D is in metres. The speed in Rand tube

mills varies from 28 to 34 revolutions per minute with a diameter inside the

shell of 5 feet 6 inches.^ The peripheral speed inside the lining at 32 revolu-

tions with new linings 6 inches thick would be 452 feet per minute, and with

worn linings only 1 inch thick it would be 536 feet per minute. As the lining

wears, the number of revolutions per minute is reduced to keep the peri-

pheral speed approximately unchanged. These are higher speeds than were
formerly used, and somewhat higher than that generally used elsewhere, but
the speed is dependent to some extent on the other conditions. There is^a

Fig. 105.—Pryce Pulp and Pebble Feeder, ’^v'itli Thomas's Hopper.

certain peripheral rate of speed which is most advantageous with a par-

ticular ore. The power required varies with the rate of feed (load) and
speed. A standard Rand tube mill of 22 feet long by 5-| feet diameter

requires from 90 to 120 H.P., increasing as the liners wear, owing to-

increased size and capacity of the mill. Motors of 125 H.P. are used, but

these are to be increased to 175 H.P. in new mills. According to Davidsen
the formula P (in H.P.) = 0*15 N, where N = capacity of mill in cubic

feet, gives the power required, but this is too low for Rand practice.

The capacity (output) of tube mills depends on the hardness and size of

the material supplied to them, and on the fineness of the product. The
amount of grinding done and the fineness of the product depend on the rate

of feed and the length of the tube, as well as on the hardness of the ore.

According to Gruessner,^ at the Hannan’s Star Mill, Kalgoorlie, the ore from.

^ Dowling, JRand Metallurgical Practice, vol. i., p. 117. See also Ball, Trans. Inst 3ftig..

and Met, 1912, 2i, 3.
2 Gruessner, Tram. Imt Mng. and Met, 1904, 14, 87.
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two No. 5 diT bail miils was treated wet in a tube mill 16 feet 5 inches long

and 3 feet 11 inches in diameter. The ball mills crushed 78 tons per day

and, after classification, the coarser part of this, amounting to 38 tons, was

ground to about 250 mesh in the tube mill. The pulp fed into the mill

contained : coarser than 40 mesh, 20-5 per cent.
;

40 to 60 mesh, 43-8 per

cent. ; 60 to 100 mesh, 28T per cent.
;

100 to 150 mesh, 7*6 per cent.

The product was not examined,^ but retuimed to the spitzkasten and

re-classified, the sand retmming to the mill. The overflow (final product)

contained : coarser than 100 mesh, 0*7 per cent.
;
100 to 150 mesh, 4 per

cent.
;

finer than 150 mesh, 95*3 per cent. The power consumption of the

16-foot mill was 30 H.P. The cost of fine grinding per ton of crude ore

was as follows :

—

Power, . . . 11 *536.

Flints and liners, . 1 ‘Sod.

Labour, . . . 3*50d.

Repairs, . . 0*996.

Total, Is. o*S7d., or 3s. 0*68d. per ton of material actually slimed

in the tube mill.

At the Oroya Brownhill Plant, Kalgoorlie, according to W. Broadbridge,^

about 7,500 tons per month were treated in six flint mills (five 13 feet 7 inches

by 3 feet 8 inches, and one 12 feet 11 inches by 4 feet 1 inch), during the

period February to July, 1904. The average amount of sand slimed per

mill per horn* was 1*77 tons, and the cost Is. 9.*33d. per ton treated.

Much greater outputs are now obtained on the Band, where, however,

.a product only fine enough to pass through a 90-niesh screen is aimed at.

The usual feed is about 400 tons of underflow from the classifiers, to a

:standard tube mill of 22 feet by 5| feet. If a product passing a 200-mesh

screen is required, the capacity is, of com*se, less.

The efiect of refitting a tube mill at the Ivanhoe Mine was given by
W. Broadbridge as follows ® :

—

TABLE XXIV.

Sand after Grinding.

Sand before
Grinding 16-foot Mill fitted

with Old liners
and Small Flints.

Same Mill fitted

with New Liners
and Large Flints.

On 40 mesli, .

Per Cent.

38*4
Per Cent.

0*5
Per Cent.

0*10

» 60 „ , . !

41*6 14*0 6*28

„ 100 „ . . ! 15*4 43*0 36*26

,, 150 „ . 1*6 9*0 10*27

Through 150 „ .
.

;

2*8 33*5 47*09

The size of particles in the inflow has been the subject of much investi-

gation. On the Band, with 4-inch pebbles, it has been found that the best

1 According to W. H. Trewartba-James [ibid., p. 122) the amount of oversize left after
one passage through the mill was so great that some 268 tons of sands were passed through
the mill per day for a product of 38 tons of slimes.

- Broadbridge, ihict., r>. 101. 3 Broadbridge, loc. cit.
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size is the material passed by the stamps thi*ough wire screens containing

nine holes to the square inch, the diameter of the apertme being 0*27 inch

With coarser particles the weight of the falling

pebbles is insuJSicient to crush them ;
with finer

particles the energy is partly wasted. The
greater the diameter of the mill, and the larger

the pebbles, the coarser the feed may be. F, C.

Brown ^ gives a diameter of 4 feet inside the liners

as suitable for a tube mill intended to treat battery

pulp which has been passed through a 6-mesh
screen. He recommends smaller diameters for

finer feeds. The fineness of the product depends

on the length of the mill, a short mill giving a

granular product and a long mill giving slimed

ore. At Broken Hill a 4 x 13 feet mill grinds

tailing which has passed through 10-mesh, re-

ducing the proportion of -f 40-mesh material from

60 to 10 per cent. Brown considers that two
short mills in tandem with a classifier between

them will do better work than one mill equal in

length to the short mills combined. Short mills,

however, are not considered suitable to the condi-

tions on the Rand.
The amount of moisture in the pulp varies

with the nature of the ore and other conditions,

and usually amounts to about 40 per cent, (see

below, p. 243). In dry tube milling a small per-

centage of moistee is very injuiious, 1 per cent,

of moisture reducing the capacity in certain cases

by one-half.^

A section of the S)ni(UJi-Davidseii 31ill is shown
in Fig. 106, which is from a diuwing made by the

Cyanide Plant Supply Company. It may be seen

that the feed is through the hollow trunnion, but

the discharge is through a grating near the peri-

phery. In other mills the discharge, like the feed,

is central. Tube mills of the same type at Waihi

are shown in Fig. 107.

The Kru'p'p Tube 3IiU ^ shown in Fig. 108 is

a longitudinal section of a mill for dry crushing

;

Fig. 109 is a plan of the mill, and Fig. 110 a cross-

section of the tube or drum, showing the discharge

apertures at c. The drum is 1-2 metres (3 feet

11^- inches) in diameter, and 5 metres (16 feet 5

inches) long, inside measurement, and revolves at

the rate of 29 revolutions per minute. The drum
consists of sheet iron 12 nmi. (if inch) thick, has

cast-steel ends, and is lined with hard cast-iron

plates. The grinding balls are introduced

Fig. 106.—Siuidth-

Davidsen Tube Mill.

^ Brown, M^ig. and Sci. Pres.% 1912, 104, 206 ; Mineral Industry/, 1912, p. 968.
^ Durant, jEVig. and Mng. J,, 1912, 94> 111. Mineral Industry^ 1912, p. 939.
3 From description by H. Fischer in ZeiUch, Ter. dent. Ing., March 26, 1904.
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through a manhole, whilst the material to be crushed is fed and

discharged through the hollow trunnions cast together with the end waUs.

The material passes first of ail into the hopper, a, in which a studded shaft

rotates. A longitudinally-grooved drum, 6, regulates the supply of material.

This drum is rotated by toothed-wheel gearing and a pair of five-step pulleys
at different speeds, and contains a few balls which serve to shake the drum.

Fig.

107.

—

^Tube

Mill

at

Waihi.

Reproduced

by

permission

of

Mr.

Alfred

James.
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and thereby secure the emptying of its grooves. The material supplied is

conveyed by a screw into the hollow trunnion, which is conical inside, en-

larging towards the di'um. Here it is scooped up by two helical blades which

pass it into the drum, and prevent the balls from being thrown out of the

mill. The ore then passes through the drum and through the grating, c

(Figs. 108 and 110), into the outlet trunnion.

16

Fig.

109.—

Krupp

Tube

Mill

(Plan).
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Tlie gratingj c. is provided with curved slots of about 25 raillimetres

(1 inch) m width. The material passes therefrom into a hopper, d, attached

to the trunnion. A perforated screen is connected to the hopper. The slots

of the screen are 8 millimetres inch) in width and 30 millimetres (1-^

inches) in length; they permit the sufficiently crushed material to drop

through, whilst} very hard particles which are not crushed, and splinters

of the flintstone balls, are retained and subsequently di*op out on the right

side (Fig. 108). The sieve is enclosed by a casing, out of which the air is

di'awn by means of the pipe e, so that air enters the di*um at all other apertures.

This is to avoid loss by dusting.

Theory of Tube Mills.—According to H. Fischer,^ who made experiments

for the Krupp firm, the tube mill does its work mainly by impact, not by

grinding. Glass dimns and drums with gratings at the ends were constructed,

and the action in

the interior observed.

One such drum 1

metre (39*3 inches)

in diameter was filled

with fiint balls to a

height of 450 mm.
(17*7 inches) and ro-

tated. Prof. Fischer

found that, at the

slow speed of rotation

of 21 to 23revolutions

Fig. 110. Krnpp Tube MiU pig, m.—^Diagram showing Action of
.showing 3Iill.

Discharge Apertures).

per minute, the balls rolled slowly down the slope. At 32 revolutions per
minute (the correct speed for a tube of this diameter, according to the
formula) given above) the charge of balls had become looser, and their
bulk was considerably more than half the capacity of the drum. At 34
revolutions (Fig. Ill) the balls (A A^, etc.), next the drum were carried up
without sliding or rolling on the drum, until at a certain height they separated
from it and were projected outwards in a curve, falling near the other side
of the charge of pebbles. Prof. Fischer concluded that at this speed each
ball fell separately, crushing and spattering the cushion of ore between it
and the balls that had previously fallen. The other layers of pebbles described

1 Fischer, ZeiUch, Ver. dcuU Imj., Mar. 26, 1904.
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similar but shorter courses, aiicl a hollow space. B, eoiitinuajly varyiiitr in

size and shape, was always recognisable. The blow struck by each ball of

the outer layer was a sliding one, the relative velocity of two balk at the

inonieiit of impact being 3*5 metres per second in the line joining tlieir centres,

and 1*2 metres per second in the direction at right angles to this. These
velocities give some measure of the respective elfects of the impact and grinding

actions.

There is no doubt that some effect is produced by grinding, especially at

low velocities of revolution, but probably the mill becomes more effective

when the impact of the pebbles is at its maximum. The wear of the pebbles

is doubtless greater in proportion as the grinding action is allowed to increase.

Soft ores would be more amenable to grinding than the hard ores of the Rand,
Waihi, etc.

H. A. White agrees ^ with Fischer that the pulverising action is due
almost entirely to actual impact of the falling balls in diy crushing, but points

out that when the mill is half full of water the effect of impact is of less

importance. A ball falling into 2 or 3 feet of water will not strike the bottom
with enough force to do much crushing, and in this ease it is probable that

the grinding action between the balls will do a great proportion of the work.

However, the best results have been obtained with very thick pulp, con-

taining about 40 per cent, of water. The correct proportion of water to ore

depends on the specific gravity of the ore, on its coarseness, on its com-
position or hardness, and on the amount of the feed. The correct proportion

of water is 39 per cent, with Rand ore, if 4iH} tons are fed per day into a

standard tube mill of 22 by 51 feet. In a tube mill containing such pulp

there is no '* free “ water for the balls to fall tlu‘ough. It is considered that

the amount of moisture present should be enough to make the particles of

ore adhere to the pebbles and to the lining, so that when impact occurs

between the pebbles there are some particles between the pebbles ready to

be crushed. If only 200 tons of solids are fed in 24 hours to a standard

mill the best percentage of moisture in Rand ore is said to be 27 per cent.

{Dowling). The amount of water giving the best results for each ore must be

accurately determined correct to 0*1 per cent, and adhered to rigidly.

White finds that the average fall of the balls is at a maximum, if the

mill is half-filled with balls, when the number of revolutions per minute.

34*22
27, is equal to — where D is the diameter of the mill expressed in metres.

White's result, obtained by calculation, gives the same speed as that at which

Fischer found by experiment that each bail fell separately. A somewhat
faster rate is now used on the Rand, and, consequently, it appears to be

probable that the theoretical investigations were not made without error.

Hardinge Conical Pebble Mill.— has been urged that, in the case of the

ordinary cylindrical form of tube mill, particles which are crushed to the

required fineness near the feed end of the mill go gradually forward to the

discharge end, using up needlessly the energy of the falling pebbles, which

could otherwise be employed in crushing the larger fragments still remaining.

Moreover, both ends of the tube are loaded with the same quantity and size

of pebbles. AYhen these become worn a considerable amount of energy is

•expended by the larger pieces in acting upon the smaller ones. Hardinge

suggests that in the perfect machine the crushing should theoretically be done

^ White, J, Cherti. Met. and Mmj. Soo. of S. Africa, 1905, 5- -90.
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in stages,^ the larger pebbles crushing the larger particles of ore, leaving the

smaller pebbles to finish the pulverising to the mesh for which the mill is

designed. Also, as it is reduced, the fine material should be removed, leaving

the space available for larger particles to come under the influence of the

pebbles.

The Hardinge conical mill - was designed to avoid these possible defects in

the tube mill and is said to be adjustable for producing an all-slime product

with a minimum of coarse grains, or, on the other hand, for granulating

without the formation of an excess of slime. In practice it has been found to-

be better suited to the latter purpose than to the former one.

The conical mill consists essentially of two hollow cones (see Fig. 112)

the rims of whose bases are attached by a short cylindrical section, and

whose apices are formed into hollow trunnions providing for the support

of the mill and for the feed and discharge of the ore. The shell is made of

heavy steel plate, the joints, both longitudinal and circumferential, being

CompdJ'a.Tive peripKerd.n « soo' per mm,

speeds « different
*oo' per m.n

zones OJ m- it

Comp&raLtive relation

of sizes of crusting
mediums to particle

200 per mm.

1" pebble crushing
pa^rticie =M36.000

being crushed
|

3'" pebble crushing
l!4 division J p&rticle *1;89€

pebble crushing
pdcrticle =»1M6304

896

Fig. 112.—Hardinge Conical Pebble Mill

butted, strapped and rivetted. The diameter of the cylindrical portion is

usually from 4| to 8 feet, and its corresponding length from 13 to 30 inches.

These are the usual dimensions by which the mills are designated. For pro-
ducing a maximum of slimes the cylindrical portion is made of much greater
length, up to 72 inches. A shell of 4-|- feet x 13 inches carries a silex lining

2-| inches thick and a charge of pebbles of 1,500 lbs. The capacity is 24 to
36 tons per 24 hours. A mill 8 feet in diameter, and having a cylindrical
portion 30 inches long, occupies a space of 11 feet x 13 feet. The weights
of the mill, lining and pebbles are 11,500 lbs., 7,500 lbs., and 12,000 lbs.

respectively, and 35 to 45 horse-power is necessary for driving purposes.

1 H. W. Hardinge, Tram. Amer. Inst. Mnr;. JSn(/., Feb. 1913.
2 HW. H. ardinge, Trans. Amer. Inst Mnr// JS7if/., 1908, 39, 336. mectrocliem. and

Metallurgical Indnsti'V, Jan. 1909, 'p. 47. Mng. a^id Mn(f. J., Nov. 16, 1907, p. 92.5.
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Tile capacity is rated at 48 to 170 tons per twenty-four hours, and the peri-

pheral speed is maintained at about 75t> feet per min. (29*8 revolutions per

minute). The capacity and power depend on the weight of the pebble charge,

and vary also according to the hardness and size of the material to be ground.

The ore is fed in by a scoop or spiral feed, attached by an extension piece

to the trunnion casting at the apex of the cone with greatest slope. This
device picks up a charge of ore at each revolution and feeds it into the mill

through the trunnion. Xo screens are used at the discharge end. The
trunnions are turned on the inside after the parts have been fitted together,

and are run in hearings of cylindrical sleeve and ball and socket construction.

The axis is inclined slightly to the horizontal and according as the obliquity

is large or small the discharge is quickei* or slower and the crushing coarser

or finer. The foundations on which the supports rest are usually now made
of concrete with foundation bolts as in ordinary stamp mill practice. The
lining of the mill and the character of the pebbles used are much the same
as those ordinarily, employed in tube mills. Silex bricks are most common
as a lining, but some metallurgists prefer a metal plate lining. This possesses

the distinct advantages that it can be made in convenient sections for passing

into the mill and that these can be easily removed for repairs, necessitating

but little delay in the actual grinding process, Danish pebbles are mostly
used and recommended, but mine-ore has replaced them in a few instances,

although not with complete success. Steel balls are also used, and in this

case the lining is of steel.

David Cole ^ cites a case in which the silex lining w^as dispensed with

and a pebble lining substituted. After 42.5 days the lining was in good con-

dition, whereas the silex lining they had previously used had an average

life of 75 days. The pebble lining, too, being rough, requires no “ lifters.'"

The work of crushing progresses as folio.vs :—^As the ore enters it comes
into contact with the larger pebbles, and, when crushed to a certain degree

passes on between slightly smaller pebbles, which by a sizing action have
found positions on the incline of the outlet end. The charge is lifted at right

angles to the axis, which, as before mentioned, is slightly inclined, either by
pui'e friction or by specially arranged lifters attached to the lining, and then

tends to fall vertically owing to the action of gravity. Thus a gradual pro-

gi*ession of the ore towards the exit is maintained. The ore is crushed partly

by the impact and partly by the grinding action of the falling pebbles. The
peculiar featm*e of the machine is the gradual sizing of both the pebbles

which are crushing and the material which is being crushed. The great

difierence in the size of the particles is comparatively equalised by the dim-

inished fall and the reduced speed at the periphery. Gradation in size is

dependent on the amount of feed, the inclination of the mill, and the rapidity

of the discharge. By having the mill only slightly inclined and carrying a

large load of pebbles, it is stated by Hardinge that the material may be

crushed to a very fine state of division.

Hardinge mills may be run singly, in tandem or in series. In some cases

the Hardinge mill has replaced stamps altogether, the ore passing straight

from the rock breakers to a ball mill, after which it is classified and the over-

size fm’ther reduced in a pebble mill whose dimensions are determined by
the degree of fineness. required. The oversize from the pebble mill is classified

1 Cole, Emj. and Mng. J„ 1913, 96 , 927.
2 Hardinge, Eng. and Mng. J., 1913, 95, €63.
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and ]‘etiii*ned to tlie latter for re-grinding. At the MacIntyre plant, Por-

cupine, Ontario, the material from the rock crusher passing a l-|-inch ring

is fed to a 4| feet Hardinge ball mill and then slimed in a 72 x 72 inch pebble

mill. The following table shows the grading analyses at yarioiis stages :

—

TABLE XXY.

Mesh. + 10 + 2) + 40 + SO + LOO + 200

Feed to 44 feet Hardinge mill.

Crusher product through I'o in., S8-56 4*17 7-0

Product from 4*5 feet Hardinge
ball mill, .... 8*50 18-4 20-78 15*0

i

34*0 34*0

Product from 72 x 7*2 pebble mill. 0*65 4-92 3*56

In order to obtain a more gi-anular product the 72 x 72 inch pebble mill

may be 3‘eplaced by one of 72 x 22 inches.

The following figui'es, supplied by the Hardinge Company, show the

work of a Hardinge hall mill used in place of stamps and a Hardinge pebble
mill for fine grinding at the Vipond Gold Mining Company’s Mill, Porcupine,
Ontario (see Pig. 113) :

—

TABLE XXVI.

4A Ball Mill. 1 7*2" x 72" Pebble Mill.

Material.—From Mill Bin. !: Material.—Classifier Heads.

1

j

Mesh.
Feed
to

Mill.

Product
from
Mill.

i Mesh.
Feed
to

Mill.

Product
from
Mill.

!

On 1

Per cent. Per cent. Per cent. Per cent.
mesh 4*50 On 10 mesh 16 64

j

4 S ! 17 00
i „ 20 27*42

j jj t ••5 31*00 ...
i „ 40 27-04

i 1 , S
24-70 ' » 60 3J

8*88 6*6

,, 10 11*86 S-oO
I » 80 J, 7*04 0*15

!

~
, ,

4*17 18*40 .,3 00 5-00 1*95

1

,,-20 7-00 „ loO 5*05

,, 40 ‘26*78 „ 200 1*95 29*10
„ 60

,, SO

,, 100

! ,, 150

1

Through 1 00

j

8*30
6*70
3*30

34 6
j

Through 200
5 5

1

68*80

Capacity, . . 50 tons per 24 hours. Capacity, . . 90 tons per 24 hours.
! Charge,

!

.

. 9,000 lbs. balls.

. 15.

Charge,
H.F.,

. 9,000 lbs. pebbles.

. 35.
! Rei'Miitions,

! Water.

. 334 per minute.

. 66 per cent.
i BevoliLtiona,

Water,
. 27 per minute.
. 50 per cent.

Ho inclination of feed end. i Ho inclination of feed end.
j
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E. Franke^ found that Hardinge iiiilis were superior to Chilian mills

in steadiness of operation, laboui charge, consumption of power, cost and
depreciation. A. 0. Gates - does not agree that in the Hardinge mill each

^ Franke, Mng. and Sci. Press, 1913, I07> 223.
2 Gates, Png. and Mryj. J., 1914, 97, 12 j

Bull. Amer. Inst 3Ing. Eng., Nov. 1913.

Fig.
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particle receives the blow which it requires at any particular moment to

reduce it further. He gives a diagram (Fig. 114) on which are drawn
curves showing (1) the rate of pulp Sow, (2) energy per lb. of pulp, (3) total

pebble weight per foot length, (4) probable effective pebble weight per foot

and (5) energy per foot length.

From the curves it is seen that for about a third of the length of the cone

the effective pebble weight is considerably less than the total weight, but

that afterwards the curves merge into one another and slope gently to zero

along the axis. The rate of pulp flow is constant in the cylindrical part of

the mill, and then it quickly increases as the outlet apex is approached.

The energy per foot length is at a maximum at the cylindrical portion of the

shell, but very soon diminishes at a rapid rate until finally it becomes zero

at the exit.

Gates considers that the active zone in a Hardinge mill is really equivalent

to a short tube mill. Thus an 8-foot size conical mill produces about the same
effect as a 5 X 5 feet or 6 x 6 feet tube mill, and Gates further expresses

his belief that ‘‘ the fine crushing machine of the future concentrating mill

will be a short tube mill, followed by an efficient sizer to remove more of the

fine material than is done at present and followed by another short tube
mill.’’

In practice generally the Hardinge mill has proved to be better suited

for producing a granular material of intermediate size than for fine grinding,

in which it is inferior to tube mills.

The Chilian Mill.—This machine probably originated as an improvement
on its prototype, the tm'piche, see p. 146, and has also been known as the
“ edge runner.” It was formerly used in the Patio process for the extraction

of silver from silver ores, chiefly to prepare ores for the arrastra {q.v.), and is

now used in the fine crushing of gold ores. Its re-introduction in the United
States dates from about 1904.

The Chilian mill consists of a circular cast-iron pan, to which are bolted
wrought-iron sides. Runners or crushing rollers travel round a cone in the
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•centre of tlie pan. The track or die-ring on which they run consists of sections

of cast steel, and the tires of the crushing wheels are also of cast steel.

Chilian mills are of two kinds ^ :

—

1. High-speed—^with die-rings of small diameter (4 feet to 6 feet) and
crushing wheels also small (2 or 3 feet, with 4 to 6 inches face). The rate

of speed is 30 to 40 revolutions per minute.

2. Low-speed—with die-rings of large diameter (6 to 10 feet) and large,

heavy crushing wheels (7 to 8 feet, with 20 inches face). They run at 8 to

12 revolutions per minute.

High-speed mills are commonly used for regrinding, following rolls,

breakers and stamps. Low-speed mills are better adapted to amalga-
mation.^

Two forms of the lotosfeed Chilian mills are in use. The old form had
rollers which turned on separate horizontal axles in a vertical sliding hub.
This type has many mechanical defects. In the modern form the rollers are

carried on an off-set axle, which slides, vertically without turning, in a vertical

spindle driven by the gearing. The rollers retain their vertical position.

The sliming capacity of the mill is increased by the drag due to the oh-set

axle.

In many cases low-speed mills have been proved to be superior to high-

speed machines, and Urbiter,^ has shown by a comparison with other grinding

machines that, although they are not really slimers,” they are capable

of jcroducing efficiently a large percentage of very fine material. There is a

limit, however, to their usefulness, and they cannot be considered as regrinding

machines. They are best fed with coarse material, using a large volume of

water in the process of crushing. According to Urbiter it only requires one

1 H. A. Megraw, Eng. and Mng. J., Nov. 12, 1910, p. 967 ; 1913, 96. 18, 821.

^ A. Maclareii, Eng. and Mng. J., Aug, 12, 1911, p. 305.

TJrbiter, E^ig. and Mng. J., Aug. 5, 1911, p. 257.
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passage of the ore tlirongli a mill to produce a high, proportion of material

which is finer than 200 mesh. An instance is given by Webster,^ in which

ore crushed size to l-|-inch was fed into a Chilian mill and in one operation

80 per cent, of — 200-mesh material was produced with a mechanical efiS.-

ciency of 46*13 per cent. By classifying the mill product and returning the

oversize, no appreciable increase in the amount of slimes produced was
noticed.

J. B. Empson ^ gives a number of figures showing the work of low-speed

Chilian mills as fine grinders, and compares them favourably with stamps

and stamp-tube mill combinations. He mentions the following advantages

of Chilian mills over stamps :

—

1. Less height required.

2. Cheaper foundations.

3. Fewer repairs.

4. Withstand rough handling.

5. Overfeeding or underfeeding does not hurt mill,

6. In some cases absence of all screens.

7. Repairs can be made on the ground.

8. Minimum vibration.

At the Goldfield Consolidated Mill ^ six Chilian mills were installed between

the existing stamps and the tubes, instead of adding forty extra stamps.

The capacity of the plant was thereby increased 40 per cent.

The Ahron mill is described by Eaton as a typical instance of a Chilian

mill of high speed ^ (see Fig. 116).

The base of the mill is a circular casting, and is designed so that the mill

can run in either a right-hand or left-hand direction.

The mortar consists of one casting, or may be made with the upper, lighter

portion separate from the lower, heavier portion. The total screen area is

1,800 square inches, and is divided into five sections round the mill. A semi-

circular launder, placed round the mortar and inside the splash plates serves

to carry the pulp towards the apron.

The pan should be as narrow as possible without allowing any coarse

material to pass through the screens.

When new, the die-ring, which fits into the mortar, is 1 inch below the

screen. It is 5 feet in diameter, and has a cross-section 7x4 inches.

The rollers, three in number, are heavy solid castings, weighing 3,000 lbs.

each, and are carried on trunnions which fit into boxes on the drive head
over the central spindle. The rollers can assume any angle when passing

over uneven ore. The tyre is made (like the die-ring) of rolled steel,

and is fixed on to the casting by wooden wedges. The centre of the roller

shaft is placed a little higher than the centre of the trunnion, thus allowing

the centrifugal force to increase the crushing capacity. The correct position

of the rollers is to have them inclined slightly inwards at the top. It is

recommended ® that the tyres should have a groove along their centre,

and that compensating weights should be added as the tyres wear.

^ Webster, Enr/, and Mnfj. 1912, 93, 393.
® Empson, Enr/. and M^kj, J., Feb. 3, 1912, p. 259 ; Mexican Ind. Mng. Met., Dec. 1911,
® Hntcbinson, Mwj. and Sci. Presa, May 6

, 1911, p. 616.
^ T. M. Eaton, Trans. Inst. Mng. and Met., 19li, 20, 161.
5 R. H. Richards and 0. E. Locke, Mineral Industry, 1912, i). 930.
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Ore is fed in from an annular casting fixed to tlie cover, througli tiiree

3i-incli pipes, one directly in front of each, roller and after the corre-

sponding “ plough.

Fig. 116.—Section of Chilian Mill (Akron Type).
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Tlie diiving gear is underneath the mill, and is actuated from a shaft

outside.

There is considerable variance of opinion as to the depth of feed to be

maintained in the mortar, but with the mill in question this is adjusted to

be twice the height at which the ploughs are set above the die.

It is found that Chilian mills, whether of high or low speed, do more

efficient work when fed with coarse material of an average size of J to inch.

Such a product may be obtained from roll crushing, and in some cases stamps

have been entirely replaced by this combination, as, for example, at

Stratton’s Independence Mill, Colorado.^ At this mill the material from the

breakers goes to rolls and then to Akron Chilian mills, which treat 100 to

130 tons each per day, according to the feed, the screens used and the character

of the ore. These particular mills revolve at 33 revolutions per minute.

Argali considers that though the Chihan mill is a slimer it is capable of

adjustment to give a fine but granular product. At Stratton’s Independence

the best results were obtained with a 0*046-inch screen aperture.

Megraw found that by feeding into a low-speed Chilian mill material

of 80 to 40 mesh there was considerable packing on the die-rings, thus pre-

venting the true grinding action. Webster suggests the adoption of a Dorr

classifier to overcome this.

The Lane mill is a typical low-speed machine, and is employed for fine

crushing and amalgamation. There are six rollers, each 42 inches in diameter,

with a 5-inch face, and having tyres inches thick. The mill revolves eight

times per minute on a track 10 feet in diameter.

Argali, in discussing ^ the work of Akron mills, says that the reduction

of the ore results from two causes :

—

1. The direct crushing efiect due to the weight and speed of the rollers.

2. The grinding or abrading effect due to the rollers being constrained

to travel in a circular path.

The smaller the diameter of the die the greater is the twisting efiect on
the ore particles

;
with a die of greater diameter, the action is similar to that

of small thin cylinders rolling between the faces of the rollers and dies. The
abrasion thus becomes less, and the action of low-speed mills accordingly

approximates to that of rolls, and the ore is not finely ground. It is noticed

that the capacity increases as the steel die and rollers wear. This is ex-

plained by the fact that wear introduces hollows into the wearing parts, and
that all ore enclosed within these is subjected to the twisting efiect of the

rollers.

G. A. Denny ^ thinks that there is a critical speed for each mill, at which
it works most advantageously. This critical speed is afiected by the size

of the feed.

Chilian mills were introduced in Eussia in 1870, and have been in use
ever since, improvements in construction being made from time to time.
The type of mill most used in Eussia ^ in recent years, in many instances
replacing stamps, is one of 7 to lOJ- feet in diameter, revolving eleven times

^ Argali, Mwj. M(Uf., 1911, 5, 305.
^ Argali, ibid., p. 366.
® Benny, Can. Mng. «/., 1912, 23, 832.
H. C. Bayldon, Tram. Inst. M-ng. and Mat., 1910, 20 , 125.
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per minute. It has a capacity of 16 to 26 tons per twenty-four hours.

Bayldon^ describes the latest type of mill used in Russia. It runs at

16 revolutions per minute, and crushes 39 tons of ore per day.

E. B. Carter ^ quotes the case of an antimonial gold ore' in Idaho which
is amalgamated in a lovr-speed Chilian mill after being crushed by stamps
to which no plates are attached.

Pans.—^For fine grinding in pans, see p. 227.

Bayldoa, ibid,, p. 13.3.

Carter, Mng. and ScL Press, Mar. 11, 1911, p. 370.
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CHAPTEE XI.

CONCENTRATION IN GOLD MILLS.

Concentration.—The object of concentration is the separation of the heavy

valuable mineral from the light worthless gangue. Complications are often

introduced by the fact that various base minerals must be sejparated from

one another, an ore being subdivided into several products. Many gold

ores, however, only require sepaiation into two parts—the ‘‘ concentrate
''

in which the precious metal is contained, and the “ tailing,” which is thrown

away. The German system of coarse crushing, siting by means of screens,

and concentrating on jigs, is not, as a rule, applicable to gold ores proper,

although much used on aiuiferous lead, zinc, and copper ores. This system

will not be described here, where only the methods in use for the treatment

of pulp from the stamp battery and some other machines will be considered.

All the concentrating machines depend for their action on the effect of

a difference of densities on the fall of bodies in a fluid. The fluid employed

in almost every instance is water, although several machines have been

devised in which air is used as the concentrating medium. It has often been

proposed to use some solution which shall have a lower density than the

valuable mineral to be saved, but a higher density than the worthless gangue

;

the mineral would then sink, while' the gangue would remain floating. The
high cost of any such solution is sufficient to put this method out of the

question, without discussing any further disadvantages. For the various

flotation processes see p. 271.

The fall in still water of solid materials takes place according to two
laws, one applicable to very shallow water, through which the particles

fall with increasing velocity, while the other is true when the depth of the

water is considerable, so that the particles for the greater part of their course

proceed at their maximum velocity. In shallow water the fall is almost

entirely according to density, so that those machines which utilise only the

first instants of the fall will have great efficacy in concentrating,^ It is

this fact which has necessitated the use of shallow currents in concentrating

tables, sluices, etc. In almost all these machines the fine sand and slime is

brought into suspension in water, and the liquid is then run over an inclined

sui’face. The deposit of sand, which is thus formed on the table, tends to

become enriched in heavy minerals, because the stream moves faster at

the surface of the water, where the lighter particles remain, than it does

next the bed, wffiere the heavy particles have settled. The deposit is con-

tinually worked up and brought again into suspension by a rake or broom,
or by a series of shakes or blows imparted to the apparatus, so that the

effect mentioned above is repeated frequently. If the stirring up is

^ The matter is complicated by the quantity of solid matter present, as free settling’

ditfers from hindered settling. See, among other papers, G. G. Bring, Jcrn-KontonU
AnnaJer, 1906, p. 321 ;

Richards and Locke, Mineral Indmtry^ 1907, p. 970.
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violently performed all the slime and very fine particles are kept in

suspension in the water and carried away and lost, a slow stream of water
and very slight agitation being favom^able to their retention in the deposit

which is formed. When the stream of water is rapid and voluminous, fine

material, whether heavy or light, is swept away and lost in the tailing, whilst

if too small a stream of water is used, much worthless sand is deposited

with the concentrate. It follows that the amount of water used must be
regulated according to the work which it is proposed to do. Frequently,

it happens that clear water must be added to the pulp to dilute it sufficiently.

On the other hand, it often happens that the pulp is too thin, and water is

then removed by means of p\u*amidal boxes or cones ide-ivatercrs), described

below.^

Other operations, which it is often of the utmost importance to perform

before concentration, are classifying and sizing. The necessity of sizing is

obvious, when it is remembered that a shallow stream of water swift enough
to carry down fine sulphides, might be powerless to move a pebble of quartz.

The usual method of classifying is based on the varying rates of fall of

particles tluough a deep column of water, or on the various movements of

particles when in an upward-moving column of water, which are dependent

on the same properties. In this way equal-falling particles are obtained

together, and since a sphere of galena is equal-falling with a sphere of quartz

of from 1*5 to nearly 4 times the diameter, according to the absolute sizes,

^

it follows that classifying has very difierent results from sizing. Nevertheless,

classifying, when efficiently performed, is of great assistance as a preparation

for treatment by shallow-stream concentrators, and especially to separate

sand from slime before treatment with cyanide, and to prepare material for

feeding into tube mills. The Stanley classifier ^ is a combination of screen

and hydi-aulic classifier, and is designed to size the materials in Rand dumps
irrespective of their specific gravity.

Sizing by Screens.—Screening to equal sized particles is a desirable pre-

paration for concentration on most machines, but in the past has not usually

been employed on material finer than about 8 mesh, owing to difficulty in

working, and to wear and tear of fine screens if used wet in the usual way.

The two ordinary types of screens are the cylindrical revolving and flat

shaking forms. For the finer sizes it has been usual to substitute hydraulic

classifiers

—

i.e., boxes with ascending currents of water, described below

—

for screens
;
but the one is not an exact equivalent of the other. Screens

produce classes of particles of nearly equal size regardless of their respective

specific gravities. Classifiers produce classes of equal falling particles, the

sizes of which depend on their respective specific gravities.

Several new devices have been brought forward for using much finer

screens than were formerly considered practicable. Steeply inclined and
rapidly jarred flat screens, with sprays of water, are reported to give good
results

;
and very fine slightly inclined screens submerged in water (with

jarring motion, and a special construction for delivering the coarser over-

size into clear water) have been recommended. The advantages of this last.

^ See also Caldecott’s sand filter table, and Dorr’s thickener. Chap. xvi.
2 R. H. Richfvrds, Ore Dressimj, 1st edition, 1903, p. 471. Richards states {Mineral

Indust7'}j, 189(5, p. 705) that in i^ractice, with particles between 10- and 60-raesh screens,

the diameter of the qnartz is from 2| to 3| times that of the galena, varying with the absolute
size. See also Bull. Ainer. Inst. Mwj. Eny.^ May, 1907, p. 435; Mineral Industry, 1897,

p. 694 ; 1907, p. 969.
3 Stanley, Mag., 1912, 6, 141.



256 THE METALLUBGY OF GOLD.

type are stated to be that no
extra wash water is used,

screening is more perfect under'-

water than with washing sprays,

and the wear of screens is re-

duced to a minimum. Such
screens have been tried as fine

as 60 mesh—that is, with 3,600'

holes to the square inch.

There is also the Callow endless-

travelling belt type of screen.^

Hydraulic Classifiers were
introduced by Prof. P. E. von
Eittinger in the middle of the

last century for use in the

Harte,^ and from their shape
were known as spitzhasten or

pointed boxes. These boxes

have the shape of inverted

pyramids, the stream of unsized

pulp entering at one side and
flowing out at the other, whilst

there is also a small discharge

at the apex. The current

slackening on entering the box,

the heavier and larger particles

in suspension at once begin to

settle, and, escaping the influence

of the current, fall quietly to the

bottom of the box, where they

are discharged. Eittinger re-

commended the use of four

spitzkasten ranged in series,

each box being twice as wide

as the preceding one, with

lengths increasing in arith-

metical progression—c.r/., lengths

of boxes, 6, 9, 12, and 15 feet

respectively. In each successive

box a number of approximately

equal-falling particles are re-

moved, the closeness with which
the subdivision is made varying

with the size of the box, and the

corresponding extent to which
the current carrying the pulp is

checked on entering it. The
larger the box the more material

1 The Callow Screen, J, CJhem. Met.
andMng. Soc. of 8, Africa, 1009, 9,313.

2 Aufbereitmir/skunde (1867) ; Rich-
ards, Ore Dre^mig, voL i., p. 439.
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is collected by it, and, therefore, the more heterogeneous the particles caught.

In a small box the material collected consists more nearly of truly equal-

falling particles.

Figs. 117 and 118 ^ show slime spitzkasten made of wood as used on the

Rand. In spitzkasten the sides are at an angle of at least 50° to the hori-

zontal, to insure the uninterrupted descent of the slimes. The pulp is delivered

evenly across the end of the box. Surface currents are prevented and the

incoming pulp thoroughly mixed with the mass of the water in the box by
the baffle plate (Fig. 118), which extends across the box near the inflow

end. The discharge is made by cutting the other end of the box from 2 to

3 inches lower than the sides ; this overflow is made perfectly level so that

the water flows out in an even sheet. The discharge pipe for the pulp is at

the bottom of the box. A contracted orifice is liable to be choked up, and

Fig. 119.—Spitzlutte with Ascending Current.

a smaller diameter than 1| to 2 inches is to be deprecated. A large orifice,

however, delivers too much pulp. .

These boxes have the advantage over the ordinary settling-pits used to

retain tailings and to catch pulp for pan-amalgamation, that they do not

requii’e to be dug out, while the settling, owing to the elimination of surface

currents, is more perfect.

8'pitzlutte,—^Equal-falling particles, in any box, whatever its size may be,

are carried away through the aperture in the apex by muddy water con-

taining material of all sizes down to the.finest slime, and it was to eliminate

this material that the ascending current was introduced. This is a current

Schmitt, Rand Metallurgical Practice, vol. ii.
, p. 194.
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of clear water, which enters at the apex of the box [sfitzlutte in greater

quantity than can be discharged by the outflow near the same spot, so that

there is an upward current of water into the box. The result is that no muddy
water is discharged below, but only the particles of ore which have weight

^ There seems to be some difficulty in the definition of spitzlutten. Richards [Ore
prming., p. 421) states that the word signifies a pointed tube, and that Rittinger used
it in this sense. “Lutte,” however, appears to mean a “gutter in which gold is washed.’'
It is certainly convenient to limit the use of the word spitzlutten to pointed boxes with an
ascending current of clear water, and spitzkasten to boxes without such a current.
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enougK to drop through the ascending current, so that by regulating the

strength of this, any desired class of ore can be obtained. In Fig. 119, a form
is shown in which the sliding partition assists the settling, by causing the

pulp to pass downwards, rapid surface currents across the box to the overflow

being thus prevented. The discharge of the heavy particles is effected through
A, the clear water pipe itself, by the arrangement shown. The launder

above the box supplies the clear water current, and shows the head of water
used, which must be kept constant to ensm^e uniformity of results.

The chief defect of the early forms of ppamidal boxes was that, as the

area of the vat became larger and larger towards the top, the velocity of the

ascending water naturally became less and less, so that many particles were
able to settle down below the level of the overflow, but were stopped by the

increasing force of the cmrent, so that an accumulation of the ore took place

half way up the box, and ultimately became so great as to interfere with the

•classification. Several remedies have been devised for this defect, of which
one of the simplest and most effectual is to make the box p}T:amidal below,

but with vertical sides in the upper part. This construction is partly carried

out in the box described above. A slime-pit is added to catch the stuff which
is too light to settle in the boxes, in ail cases in which these slimes are of

sufficient value to pay for treatment. The number of boxes used depends

on the tonnage to be treated and on the number of classes of material 'which

it is deemed advisable to make. Usually two or three classes are sufficient.

On the Rand, the spitzlutte is about 2 feet by 3 feet at the top, with the

upper sides vertical for about 18 inches. The inverted pyramid below has

an angle of about 60°. The baffle plate is in the middle and movable verti-

cally. Spitzlutten are usually arranged in a series of three.^ Choking,

.and the difficulty of regulating the classification with constantly varying

conditions are the chief defects of these appliances.

Gone Classifiers.^—The most recent form of hydraulic classifiers are large

cones, 5 to 8 feet in diameter at the top and from 7 to 10 feet deep (see Fig.

120).^ The cones are built of ^-inch sheet steel with the lower 18 inches

of the cone of cast iron, to resist the hard wmar of that part and to facilitate

renewals. The pulp enters from a launder through a large central pipe,

which delivers about 12 inches below the level of the pulp, and is supplied

with a circular baffle plate placed horizontally about 3 inches below the open

end of the pipe. The fine pulp overflows all round the cone into an annular

launder. The underflow passes through a nozzle at the apex of the cone,

;and passes vertically downwards into the inlet of the tube mill, or into

launders, as horizontal or inclined pipes tend to choke. The nozzle is

regulated with a cut-off gate (see Fig, 121).^

The cone classifier is kept nearly full of sand by means of a circular

diaphragm, due to Caldecott, about 8 to 10 inches in diameter, placed in

the axis of the cone near the apex. The diaphragm prevents the sand from

settling and forming a channel in the middle, but allows it free passage

in the annular space round the diaphragm, and ensures a steady flow of

coarse material through the nozzle. The level of the sand is kept constant

under varying inflow by opening or closing a sliding shutter or gate at the

nozzle. Coming from below so great a depth of sand, the underflow contains

^ Dowling, Band Metallurgical Practice^ vol. i., p. 99.

2 W. A. Caldecott, J. Chem. Met. and iHfnf/, Soc. of S. Africa, 1909, 9, 312 ;
Dowling,

Band Metallurgical Practice, vol i, p. 99.

® Dowling, Band Metallurgical Practice, vol. i., p. 100. * Ibid., p. 101.



260 THE METALLURGY OF GOLD.

little water, say 25 to 28 per cent., and issues very slowly even with a free

vertical discharge. A large outlet is required, the diameter of the nozzle

being from If to 2^ inches. Separate de>watering appliances are not

required. In working, coarse grains settle near the centre and fine grains

near the periphery.

The capacity of these cone classifiers is very great. A cone 8 feet in

diameter at the top and 10 feet deep is capable of delivering from 400 to

600 tons of sand per twenty-four hours at its underflow, from pulp composed

of 44 per cent, slime and 56 per cent, sand,^ the product thus obtained

carrying rather less than 30 per cent, moisture, against about twenty times:

Fig. 121.—Adams's Cut-off Gate.

that amount in the original pulp. The cone is more efficient than pyramidal^

spitzkasten, as is shown in the following table :

—

TABLE XXVII.

—

^Percentages of Product.^

+ CO Mesh,
Size of

Product over
0*01 Inch.

- 60 + 90 Mesh,
O’Ol to 0-006 Inch.

- 90 Mesh,
I.es8 than
0-006 Inch.

Total.

Tube mill feed (underflow)

—

Pyramidal spitzkasten, 61-8 22*3 15-9 100
Cone classifiers, . 67*1 20-7 12-2 100

Pulp entering cyanide works
-

(overflow)

—

Pyramidal spitzkaaten, 10-9 16-0 73-1 100
Cone classifiers, . 74 15-9 76-7 100

^ J. E. Thomas, JRdnd MetaZlurgical PracUcet vol. i., p. 152.
2 G. 0. Smart, J. Chem, Met. and Mng. Sog, of S, Africa, 1910, lO, 287.
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Tile conditions were similar, so tliat a true comparison was given by tbe
results of the tests given above.

The objection has been made to tbe Caldecott cone classifier, just described,
that bubbles of air are carried down by tbe inflow and are still rising tbrougb
tbe liquid at tbe outflow, tbus interfering with efficiency. There is also
tbe diffi.culty that tbe thick spigot product becomes coarser if tbe amount of

feed is increased.^ This entails close watching of tbe underflow. A jet of

water below tbe diaphragm has been tried and considered an improvement.
In tbe Waterman settling cone,^ adopted at tbe Butters Co.’s plants,

the cone is fed at tbe periphery and discharged tbrougb tbe central pipe
(see Fig. 122), which is made larger. Tbe slime follows tbe course shown
by the arrows. Tbe annular space between tbe side of tbe cylinder and tbe
cone is^ J to f inch wide. Tbe cylinder is divided by a vertical partition

shown in the figure, extending to near tbe point of tbe cone, vrbicb prevents a
vortex from being formed by tbe discharge at tbe spigot. Tbe rising current
for discharge being through a cylinder, tbe difficulty of tbe formation of

suspended sand banks is avoided (see p. 259). This can be put right,

however, in the ordinary cone classifier by making tbe sides of tbe cone

vertical near tbe top, or even inclined upwards towards tbe central line,

so that tbe classifier consists of two superposed cones, tbe lower one inverted,

tbe other truncated but not inverted, with their common base at tbe level

of tbe bottom of tbe feed pipe.'

The Dorr Classifier is shown in Fig. 123. It consists of a settling box
in tbe form of an inclined trough open at tbe upper end, in which mechani-

cally operated rakes are placed to remove tbe heavy material as fast as it

settles, tbe liquid and slime overflowing at tbe closed end.

Tbe rakes are suspended by suitable bangers from bell cranks connected

by rods to levers which terminate in rollers. Tbe latter press against cams
a»ttacbed to tbe crank shaft. Tbe rakes are lifted and lowered at opposite

ends of tbe stroke by tbe action of tbe cams transmitted tbrougb tbe levers

and rods to tbe bell cranks. Tbe horizontal motion is produced by cranks.

^ Robertson, Mvmral Industry, 1912, p. 944.
^ B. Waterman, Mncj. and Sci. Press, April 20, 1912, p. 507 ; Mng. Mag., 1912, 6, 457,
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The pulp is fed across the centre of the trough and the sand settles to the

bottom, after which it is advanced up the inclined bottom of the trough

by the scrapers reciprocating with a slow raking motion. After emerging

from the liquid the sand passes across a washing device and is discharged

from the open end of the machine with about 26 per cent, moisture. If the

machine is stopped while full of sand, the rakes can be raised from the bottom

and, after it has been started, they can be gradually lowered while running

until they assume their normal position.

The slime is prevented from settling by the flow of the liquid as well as

by the agitation near the bottom caused hj the reciprocating motion of the

scrapers, and overflows at the lower end of the machine. The agitation

produced, while ample to prevent the slime from settling, is not sufficient to

cause the sand to overflow with the slime.

The height of fall in this machine is small. The capacity is 3-|- to 8 tons

of solids per hour in four to six parts of water. The overflow contains little

sand, and the machine is highly efficient. The repairs are small.

Fig. 123.—Duplex Dorr Classifier.

Dorr classifiers were introduced in 1904, and are extensively used, especially

in America. Besides the duplex machine shown in the figme, there is a simplex
machine with only one set of rakes instead of two. -

Early Concentrating Machinery.—One of the oldest and most primitive
machines employed in the concentration of fine sand by means of a shallow
stream of water was the German huddle^ which has a distinct but imperfect
resemblance to the Long Tom described on p. 103.^ Canvas tables were used
below these buddies in Germany, and probably suggested the use of hlanhet-

stmkes or tables, which were adopted in the early days of the goldfields of

the United States and Australia, and are still retained in some places. The
rough surface of the blanketing seems to be particularly efficacious in catching

^ For a description of the similar huddle formerly used in Colorado for the treatment of
bai’^tery sand, see Raymond, Mines, Mills, and jPwrmces of the Paciiie States (New York,,
1871), p. 357.
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and holding thin plates and spangles of free gold or of sulphides, which are

readily washed o:S smooth surfaces by a current of water, and these rough
appliances, although almost useless for catching slime, still find favour*

where considerations of economy prevent the purchase of modern high-

priced concentrators. The blanketing is usually in strips of 16 or 18 inches

wide, and several feet long, and is nailed or stretched on wooden frames,

which have an inclination of about | inch per foot.

At intervals of about half an hour, when a quantity of mineral has already

been collected on the rough surface, the blankets are taken ofi and washed
in tubs of water, where a deposit collects which is afterwards dug out. At
the St. John del Eey Mine, the framework supporting the blankets was
hung on pivots above a shallow tank. When it was necessary to clean them,
the framework was turned so that the upper surface of the blanket was
inclined downwards, and the mineral washed oS its surface by a hose, much
time and labour being thus saved.

At this mine the trays supporting the blankets were 18 inches wide and
30 feet long, with a fall of 1 inch per foot. The upper 16 feet were covered

with bullocks’ skins, tanned with the hair on them, and in lengths of 26 inches ;

below these was a series of blankets or baize cloths of the same length, made
of coarse wool with a long nap. The fall from the battery box upon the tray

was i inches, a screen being placed across the end to break the fall of the

water, and cause it to strike the tray nearly at right angles. About 90 per

cent, of the gold contained in the ore was caught on these blankets. The
blanket sand contained 95 per cent, of sulphides, and was so fine that

90 per cent, of it passed through a 100-mesh sieve. It was amalgamated
in revolving wooden barrels, yielding 96 per cent, of its assay value, but
this was due to the fact that very little gold was contained in the pyrite,

most of it being present in the form of free particles.

Blanket sluices have been declared unsuitable for catching fine sulphides,

and their concentrate is usually contaminated by admixture with much
sand. If set at a proper inclination they will save fine amalgam and free

gold, but even in this respect they are less satisfactory than shaking coppei

plates and riffles.

Riffled sluices were employed at the same time as blankets for ejecting

rough concentration. The riffles were formed of half-inch strips of wood
nailed across the sluice box, the grade of which was about three-quarters of

an inch to the foot. As soon as the concentrate had accumulated until it

reached the top of the riffle, another strip was nailed on, and the process

was repeated until the bed of concentrate was several inches thick, when
it was scraped out and a fresh start made. Similar to this device was
the mising~gate concentrator, which was practically a riffled sluice in which

the riffle was raised continuously by machinery, instead of being adjusted

at intervals by hand.

The Round Buddie was invented in Cornwall, where until recently it was
used in dressing the tin ores to the exclusion of almost every other con-

centrator. There are two varieties.

1. The convex round huddle, in which the ore and water are added at

the centre of the machine, and flow down over the surface to the periphery.

2. The concave huddle, in which the pulp is added at the periphery of

the machine and flows down to the centre.

In both cases revolving arms, carrying brushes, pass over the surface

and stir the deposit as it is being formed, and the spouts distributing the ore
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also rotate so as to deliver tlie pulp evenly. The buddies are from 12 to 18

feet in diameter.

These machines are not continuous in action, and after the deposit has

accumulated to a depth of a few inches the operation is suspended and the

deposit dug out. The “ headings ” or material on the upper 12 to 18 inches

of the inclined surface are kept separate, and the stuS near the bottom of

the slope is called the “ tailings.’’ Bound buddies are not adapted to obtain

a finished product in one operation. The headings and tailings must, as a

rule, be subjected to further treatment, and between them is a large quantity

of material which differs little from the original ore. Thus handling and

re-handling of the stuff is necessitated, and it is on this account that these

machines are not now much used on gold ores. The principle on which they

depend is favourable to the collection of slime, and the modern improved

buddies are perhaps better adapted for fine ores than any other machines,

except those employing a travelling belt. Modifications have been proposed

to adapt these buddies to the treatment of gold ores by adding riffles con-

taining mercury, and by other devices, but have not found much favour.

One of the chief changes, which was proposed in the United States, is to keep

the brushes and ore-spouts stationary, and to rotate the inclined bed.

Among concentrators with circular revolving beds, which were apparently

suggested by the revolving huddle, may be mentioned Hendy’s and Duncan’s
machines. These were formerly employed in California, but have given

place to the vanners which are better adapted for saving slime.

Percussion Tables.—In these machines the work of keeping the pulp

in a state of agitation, done by the rakes or brushes in the German and Cornish

buddies described above, is effected by sudden blows or bumps imparted
sideways or endways to the table. The table is made of wood or sheet metal,

the surface being either smooth or riffled.

End-hump tables are hung by chains or in some similar manner, so as to

be capable of limited movement, and receive a number of blows delivered

on the upper end. These blows are given by cams acting through rods, or

else the table is pushed forward against the action of strong springs by cams
on a revolving shaft, and then being suddenly released is thrown back violently

by the springs against a fixed horizontal beam. The movement of the pulp
depends on the inertia of the particles, which are thrown backward up the
inclined table by the blow given to the table, the amount of movement
varying with their mass, and depending, therefore, both on their size and
density. The vibrations produced by the percussion also perform the work
of the rakes in destroying the cohesion between the particles, and a stream
of water washes them down. The result is that the larger and heavier par-
ticles may be made to travel, up the table in the direction in which they
are thrown by the blow, by regulating the quantity of water, while the smaller
and lighter particles are, carried down. These machines yield only two classes

of material, heading and tailing. One such machine, the Gilpin County
“ Gilt-Edge Ooncentratof,'^ was devised in Colorado, and soon displaced the
blanket sluices at almost all the mills at Blackhawk. It consists (Fig. 124)
essentially of a cast-iron or copper table, 7 feet long and 3 feet wide, divided
into two equal sections by a 4-inch square bumping-beam. The table has
raised edges, and its inclination is about 4 inches in 5|- feet at its lower end,
the remaining 1-| feet at the head having a somewhat steeper grade. The
table is hung by iron rods to an iron frame, the length of the rods being
altered by screw threads, so as to regulate the inclination to the required
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amount. A shaft with double cams, A, making 65 revolutions per minute,
enables 130 blows per minute to be given to the table in the following manner

;

on being released by the cam, the table is forced forward by the strong spring,

B, so that its head strikes against the soHd beam, C, which is firmly united
to the rest of the frame. The pulp coming from the copper plates is fed

on to the table near its upper end by a distributing box, D, and is spread
out and kept in agitation by the rapid blows. The sulphide settles to the

bottom of the pulp, and is thrown forward by the shock, and eventually

discharged over the head of the table at the left hand of the figure, while

the gangue is carried down by the water and discharged at the other end.

One machine is enough to concentrate the pulp from five stamps, treating

about 8 cwts. of ore per hour. If the table consists of amalgamated copper
plates, it is of some use for catching free gold also. This machine is not

so efiective in saving slimed pyrite as the Wilfley table or the vanners.

The Frue Vanner.—^This machine is described in detail as being typical

of the shaking travelling-belt concentrators. Machines of this class are

especially ’adapted for treating finely-crushed battery sand which does not

contain a large percentage of “ mineral ” (that is, sulphide and other heavy

Pig. 124.—End-bump Table—“ Gilt-Edge Concentrator.”

materials). They are frequently set to concentrate unsized pulp coming

straight from the amalgamating tables.

The Frue vanner (Figs. 125 to 127) consists of an endless rubber belt,

mounted on a frame, with its upper surface slightly inclined to the hori-

zontal, and subjected to two movements, a slow constant longitudinal move-
ment and a slight and rapid side shake. The belt forms the bed or plane

on which the dressing of the ore is efiected, being an inclined plane, 12 feet

long, and bounded down the two sides by projecting rubber flanges, which
prevent the water and sand from dropping over the sides. An arrangement

of rollers permits of the belt being slowly revolved in the direction of its

length and uf the incline
;
thus, though the dimensions of the working plane

remain always the same, its surface is constantly travelling. The crushed

rock in a stream of water is delivered near the upper end of the belt by means
of the sand distribut.or, No. 1, Figs. 125 to 127, and flows down the belt

towards its lower end. Now, as the inclination at which the belt is set is

only from 3 to 6 inches on the 12 feet, and as the stream of water is not

large and spreads over the whole width of 4 feet, it is obvious that, if it were

not for the movements of the belt, much of the crushed rock contained in the
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water would settle on the belt, while the water and the finer and lighter par-

ticles of sand would alone reach the foot of the table and drop over into a

waste launder.

gangue or rock, a second stream of water is applied, whilst a gentle side shake
is given to the belt, to keep the sand in a state of agitation, which prevents it

Figs.

126

to

127.

—

Vaimer.
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from packing/' and facilitates the sorting process. The water distributor, 2,

is placed about a foot above the pulp distributor, and delivers small jets

of water, 3 inches apart, over the entire width of the belt. The side shake
thoroughly mixes this water with the pulp, spreads the whole uniformly
on the belt, and enables the heavy particles of mineral to settle through
the sand and cling to the belt, when they are carried up by it past the small

jets of water and deposited in the collecting tank, while the lighter gangue
is carried down by the stream and delivered into the tailings launder.

The Frue vanner is shown in plan in Fig. 125, in side elevation in Fig. 126,

and in end elevation in Fig. 127. The following is a brief description of the
machine :

—

A A are the main rollers that carry the belt and form the ends of the
table, B and C being other rollers. The belt E, which is 4 feet wide and
27|- feet in entire length, passes through water underneath B, depositing

its concentrations in the box, No. 4 ; and then passes over C, the tightening

roller. D D are small galvanised iron rollers, and their support causes the
belt E to form the surface of the evenly inclined plane table.

The cranks attached to the crank shaft, H, are J inch out of centre, thus

giving a throw of 1 inch, which is the amount of the lateral throw. I is the

driving pulley that forms with its belt the entire connection with the power.

J is a cone pulley on the crank shaft, H. By shifting the small leather belt

connecting J and W, the uphill travel of the main belt, E, is increased or

diminished at will
;
the pulley, W, is moved by the hand-screw, m. B, R, B

are three flat-steel spring connections bolted underneath the cross-pieces

of the frame, F, and attached to the cranks of the shaft, H. These springs

give the quick lateral motion—about 200 per minute.

No. 2 is the clear water distributor, and is a wooden trough which is

supplied with w^ater by a pipe, and the water discharges on the belt in drops

through grooves 3 inches apart.

No. 1 is the ore-spreader, which moves with F, and delivers the ore and
water evenly on the belt. In some cases, where the pulp from the stamps
contains too much water, a box is placed between the stamps and the con-

centrator. From the bottom of this box the sand can be drawn with the

proper amount of water, the superfluous water passing away over the top.

A depth of three-eighths to one-haH inch of sand and water is maintained

on the table.

There is also a copper well that fits in (and shakes with) the ore-spreader

as shown in the drawing. This is used in concentrating gold ores, for saving

amalgam and quicksilver escaping from the silvered plates above, and can

be taken out and emptied at any time. Into this well falls all the pulp from
the battery. Its ends are lower than the wooden blocks of the spreader, so

that the pulp passes over the ends of the well and is evenly distributed.

For some gold ores it is desirable to use on the ore-spreader a silvered

copper plate the size of the spreader, and, when this is used, the wooden
blocks of the spreader are fastened to a movable frame on top, so that they

can be removed when the plate is cleaned-up, once or twice a month. No. 8

is a section of the launder to carry ofl the tailings.

The speed of the uphill travel of the belt varies from 2 to 12 feet per minute.

If the ore treated be poor in p3
n:ite, the upward motion of the belt does

not exceed 20 inches per minute ;
if richer, the speed is increased accordingly,

and in agreement with the inclination of the belt, being greater as this inclina-

tion increases, but usually not exceeding 3-| feet per minute. The inclination
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can be changed at will by wedges at the foot of the machine. The motion,

the water used, the grade, and the uphill travel is regulated for every ore

individually, and must be adjusted with every change in the pulp, if good

work is to be maintained.

The amount of water used on the machine is from 1 to gallons per

minute of clear water at the head, and from l-J- to 3 gallons per minute with

the pulp.

The capacity per day of twenty-four hours for a 4-foot vanner is usually

put down as about 6 tons of material, fine enough to pass a 40-mesh screen.

In California, in general, two Frue vanners treat the product of each battery

of five stamps, though in some cases three 4-foot vanners to ten stamps

yield good results. In the Empire Mill of the Plymouth Consolidated Gold

Mining Company, California, where the gangue is light, the ratio of stamps

to vanners is 5 to 1.

Sizing of the pulp is usually omitted if the material is fine enough to pass

a 30- or 40-mesh screen. If particles coarser than this are present they

are removed by classifiers.

A riffled or corrugated belt is sometimes used on the Erue vanner in cases

where large quantities of comparatively coarse sulphide is present.

The treatment of slime on Frue vanners was studied by E. Gahl in 1909,^

and in particular the relative advantages of corrugated and smooth belts

were examined, with inconclusive results. A high belt speed was found to be

advantageous, and the correct amount of load, slope, etc., was determined

for both kinds of belt.

In the Liihrig vanner the endless travelling india-rubber band is not

flanged at the sides, and has a slight side inclination, which is, therefore,

at right angles to the direction of travel : the latter is horizontal, not inclined

;

by an arrangement of cams and springs, end-blows are given to the framework

carrying the belt. The pulp from the batteries is collected in settling boxes

placed overhead and delivered on to the belt through a small distributing

box situated above its right-hand upper corner, the belt being driven from

right to left. Clear water is supplied through a perforated pipe fixed dia-

gonally across the belt. The pulp moves across the belt from the higher

side to the lower, this motion being assisted by the clear water
;
the light

particles of gangue are washed down in this direction at a faster rate than

the heavy particles of pyiite. On the other hand, the travel of the belt

and the end-blows move the ore in the direction of the length of the belt.

The results of the combined motions are as follows :

—

1. Tailing passes off the table nearly opposite the distributing box at the

right-hand end.

2. A middle product, containing both sulphide and gangue, is delivered

near the middle of the side of the belt.

3. Clean concentrate is delivered near the left-hand end of the belt,

having travelled the greatest distance before being washed of at the side.

Each of these three products is delivered into a separate hopper, and by
a simple arrangement of sliding plates the exact points on the belt at which
the delivery of the middle product is divided from those of the heading

and tailing can be altered, so that the percentage of each product can be
regulated.

The amount of ore treated in twenty-four hours by one of these machines

^ Gahl, Trans. Amer, Inst, Mng. 1909, 4^* S17.
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is stated to- be 4 to 5 tons if the concentrate is iron.pyrite, and 3 to 4 tons-

if it consists of galena and blende.

The Wilfley Table is shown in Fig. 128. It consists of a smooth shaking

Fig. 128.—^The Wilfley Table.

surface, of which Fig. 129 is a diagrammatic plan. The light, worthless-

material is washed down sideways towards F G by a flowing sheet of water,

while the heavy concentrate is thrown towards the upper end,^ C G, against

gravity by a longitudinal jerking action. The pulp is supplied from the-

wooden feed box, AB, 5 feet inches long, through a number of small

holes. Clear water is supplied from the trough, B C, which is 9 feet 10 inches.

a F j
Fig. 129.—Diagrammatic Plan of Wilfley Table.

long, also through small holes. A sheet of linoleum is tacked down over"’the*

whole table and is fully exposed at D. A number (usually 46) of wooden,

riffles shown at E axe placed on the top of the linoleum and are nailed down.
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Tlie longest riffle runs tlie whole length of the table, and the shortest riffle

is about as long as the feed box. The riffles are J inch high at the ‘‘ head

end,” A F, and taper down to nothing at the “ concentrate end,” C G. They

.are about inch wide, the shorter ones being narrower, and are separated

by |-inch spaces, so that the distance between centres is about If inches.

The fall from the back, ABC, to the front, F G, can be adjusted by
wedges, and is usually about 1 inch in 13 inches. The rise from the

head end,” A F, to the concentrate end, C G, is usually set at about

| inch. The length of the side F G is 13 feet 9 inches, and the width

.at C G is 5 feet J inch. The length of the perpendicular from A on F G is

6 feet 1 inch, and from A on 0 G is 15 feet 9-| inches. The angle at G is a

right angle and that at F obtuse. The shaking mechanism is situated at

the end A F, and consists of a movement towards C G, beginning slowly

.and uniformly accelerated by means of a toggle joint, and a return move-
ment towards A F effected by a spring, beginning suddenly and uniformly

retarded. The effect of this vanning motion is to a certain extent similar

to that of a bump delivered at the end C G, the concentrate moving uphill

towards G. The length of the stroke is about | inch and the number about

240 per minute.

The tailing passes over the front F G, and the concentrate over the end

'C G. The middle product passes over near G, in the last 16 inches of the

front, falling into a special launder, whence it is returned to the feed box
or sent to ’other machines.

The size of the pulp treated on this table is usually from 16 to 30 mesh.

The table does not save the finest slime, and the Wilfley slime table, which
•consists of a series of moving troughs with canvas bottoms, is recommended
in some cases for the treatment of the tailing from the ordinary Wilfley

tables. The capacity of the Wilfley table is given as varying from 12-| to

30 tons per day, the amount of wash water required being also variable.

The power required is about 1 H.P. per machine.

Experiments were made by E. H. Eichards,^ with the view of determining

how far it is desirabfe to feed sized products or classified products instead of

natural products to a Wilfley table. He tried the separation of galena (specific

gravity 7*5) from quartz and also the separation of cupriferous pyrite (specific

gravity 4*68) from quartz, and concluded that a classified feed gave better

results than either a sized feed or a natural feed, and that “ there remains
only to design classifiers sufficiently perfect to realise this natural advantage
of classified feed over sized feed as applied to the Wilfley table.”

Many other tables of the riffle type are in use

—

e.g., Deister concentrators.

Of late •there has been a tendency towards multi-deck riffle tables.

Hartz Jigs.—These machines differ in principle from all those previously

described, inasmuch as the particles are separated by their fall through
a somewhat deeper column of water than is the case on inclined tables,

while a series of blows from below, causing waves moving upwards, continu-
.ally brings the particles into suspension, and allows them to drop again.

The initial period of the fall in water, during which the motion depends chiefly

nn density, is thus continually reproduced, and the result is a perfect separa-

tion of heavy from light particles of ore when working on any materials
except the finest pulp. Jigs consist of sieves supporting beds of ore, which
are completely immersed in water ; -the ore is raised and allowed to fall

^ Rictards, Trans, Amer, Inst, Mny. Eng,, 1907, 38 , 556 ;
1908, 39 , 303.
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by a quick succession of cuirents of water caused by tbe sudden action of

a piston below, wbicb is so worked that the upward movement or pulsation

resembles that produced by a blow, while the downward movement is gradual.

Under these conditions the heavy particles work downwards and pass through

the sieve, while the lighter gangue is carried away horizontally by a stream

•of water introduced either from below or from above. Such machines are

especially suitable for coarse ores.

In the Hartz jig a layer of coarse heavy particles is spread on the sieve

to prevent too much of the ore from passing through. The stuff is fed in

regularly at the head of the jig, and the strokes of the piston raise both the

bed of heavy particles and the ore. The heaviest grains of ore find their

way during the downstroke into the interstices of the bed, gradually pass

through it, and coming ’'to the screen, fall through into the taii below. The
lighter particles cannot descend, and are gradually washed over the end

partition by the continuous supply of water. Two products are therefore

given, neither requiring further treatment if the conditions are favourable,

and the machine properly adjusted. The wire meshes of the screen are always

much larger than the ore treated, and the bed is composed of material of as

nearly as possible the same density as the concentrate to be obtained, and

is usually from to 1 inch in depth. The number of strokes of the piston

per minute is from 60 to 80 with coarse sand of jj inch in diameter, and 200,

300, or even 400 with very fine sand, approaching slime. The length of stroke

varies under the same conditions from to I inch, and in the case of very

fine, almost impalpable sand, the stroke may be diminished till it becomes

a mere tremor. Gallon and Le Neve Foster expressed the view that for

enriching even very fine sand, the Hartz jig is the simplest and most econo-

mical machine yet invented, and requires the least amount of labour.^

A complete investigation on jigging was made by R. P. Jarvis ^ with useful

results.

Flotation Processes.—^It was found in 1899 by Elmore that in the case of

•certain ores, residuum oil separates sulphides and metallic particles from
earthy or stony materials without reference to their respective densities. The
oil after being mixed with pulp floats to the top, carrying any sulphide with

it, and can then be separated from the tailing and from the concentrate.

Other flotation processes are based on the action of acids on carbonates,

or on the creation of a vacuum, the sulphide being raised by bubbles of air

or other gas, which are formed in the liquid and entangled in the valuable

particles. These processes are not, as a rule, applicable to ordinary gold

•ores.

Concentration by air instead of water is effected in a number of machines,

which are used in certain cases. In hot dry climates, where water is scarce,

where the ore is readily made quite dry, or in the event of water exercising

.a harmful chemical action on the ore, air concentration may be sometimes

usefully employed. The jigging principle is used in Krom’s pneumatic jig,

centrifugal force in Clark & Stansfield’s machine, and a steady current of air

in Edison’s dry blower (see p. 112).

^ Gallon’s Lectures on English edition, vol. iil, p. 103.
^ Jarvis, Trans. Amer. Jud. J./.-;/. Eng., 1908, 39 ,

451-521.
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CHAPTER XIL

DRY CRUSHING.

Introduction.—In those cases in which gold ores are treated by crushing

and amalgamation, and the whole of the tailing, or only the concentrate

obtained from it, is subsequently treated by the cyanide process or by
chlorination, the method of crushing will be determined by the considerations

discussed in the chapters on Amalgamation, Concentration, and Pine Grinding,

and will depend partly on the state of aggregation of the free gold. If, on

the other hand, ores are to be roasted before treatment by solvents, as is

invariably the case in chlorination and sometimes in cyaniding, dry crushing

is always resorted to. It is also sometimes used when the ore is not roasted.

The method is especially valuable if water is scarce.

In dry crushing before roasting, it is usually not necessary to reduce

the ore to a very fine state of division. It is usually passed through screens

with only 8 to 30 holes to the hnear inch. One of the points to be attended

to is the production of a granular product, as if it is minutely subdivided

the quantity of ore lost by dusting both in dry crushing and the subsequent

roasting is greatly increased. Dry crushing is usually ejected by stamps,

by rolls, by ball-mills, or by roller-mills. The ore is previously passed through

rock-breakers and then dried before it is finely crushed.

Drying.—^Most ores must be dried before they can be finely crushed

by means of rolls or other dry crushing plant. The screens soon become
clogged by damp ore, especially if it is argillaceous. The moisture must be
reduced to about 1 per cent., and Argali points out ^ that the removal of water

of hydration by heating to about 250° makes it much easier to screen hydrated
ores.

The oldest method of drying was to spread the ore, after the large lumps
had been removed by a grizzly and crushed to l-|-inch size, on large flat

areas heated from below by flues from the roasting furnace. The floor was
usually covered with iron plates. After being dried, the ore was shovelled

up and passed to the crushing mill. This plan involved much additional

handling of the ore, and was a source of ill-health among labourers, besides

requiring great floor space. It has been superseded by the adoption of

inclined continuous-discharge, revolving iron cylinders, similar to the Howell-
White furnace {q.v.), but not lined with bricks. The ore is passed through
these, and is dried by the products of combustion of a fire, which are also

passed through it. One such cylinder, 3 feet in diameter and 18 feet long,

will dry from 30 to 40 tons of ore per day, at a small cost for fuel and power.
Argali 2 uses a tubular drier, consisting of a nest of four or six tubes

similar to his roasting furnace {q.v,)^ but of lighter construction. He gives

the capacity at from 80 to 300 tons of ore per day, the consumption of coal

1 Argali, Trans. Inst, Mng. and Met^ 1902, io» 241. ^ Argali, loc. oit.
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at about 30 lbs. per ton of ore, and the cost of drying ore containing 6 per

cent, of moistui’e at 5 cents per ton in Colorado.

An alternative furnace—viz., Stetefeldt’s shelf drying kiln—was described

in a paper read by the inventor at the meeting of the American Institute

of Mining Engineers, held at Roanoke, Virginia, in June, 1883. In principle

it resembles the Hasenclever furnace, a number of shelves being arranged
zig-zag above each other in a vertical shaft, down which the ore slides, falling

from shelf to shelf, while the products of combustion from a furnace rise

through it. It is 21 feet high, and dries from 30 to 50 tons of ore per day.
Although the first cost of this furnace is considerable, its working expenses
are said to be low.

Stamps.—When stamps are used for dry crushing, double discharge

mortars are provided (see Eig. 130), and the screens are put low down, giving

a small height of discharge. These arrangements are necessitated by the
dijficulty of discharging the crushed ore from the mortar, the only means
of doing this being the dashing of the dry ore

against the screens, due to the fall of the

stamps. Expediting the delivery of the ore

by a blast of air forced into the mortar, or

by suction from outside, is not often

attempted. The result of the slowness of

discharge is that with a given fineness of the

mesh of the screens, diy crushing gives a finer

product than wet crushing. This is an ad-

vantage with many ores, in respect that the

gold is more readily accessible to the solu-

tions. The output in dry crushing is much
lower than in wet crushing by stamps, and
the cost per ton of ore is usually stated to

be from 50 to 100 per cent. more.

One of the difficulties in dry crushing is

the production and loss of dust, which is

generally richer than the bulk of the ore, for

the reason that the sulphides are more brittle

than the gangue. This difficulty is partly

met by surrounding the crushing machine
with an outer casing, and drawing ofi the

escaping dust with air suction. Neverthe-

less, some dust escapes, involving a loss of gold and also some injury to the

machinery and to the health of the workmen.
Dry crushing by stamps was formerly largely used in the treatment

of silver ores by pan-amalgamation or by hyposulphite (thiosulphate) leaching

before the abandonment of these processes. It was introduced on a large

scale in 1894 for crushing the oxidised quartzose ores from the upper levels

of the Waihi and other Ohinemuri (Upper Thames) Mines, New Zealand,

and was finally abandoned in favour of wet crushing in 1904, partly owing
to the fact that the character of the ore had changed with the working-out
of the upper levels.

At the Waihi Mill ^ the ore was dried and partly roasted in kilns, with

^ J. McConnell, Trans. Inst. Mm/, and Met., 1899, 7» 26 ;
F. M. Mex'ricks, ibid., p. 35 ;

P. Morgan, Trans. Australasian Inst, of Mng. Enq., 1904, 9 , [ii.], 161 ;
Emj. and Mmj. J.,

Aug. 4, 1904, p. 183.

Fig. 130.—Double Discharge

Mortar for Dry Crushing.

18
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wood as fuel, and then broken down in rock-breakers before being fed to the

stamps. The stamps weighed 1,000 lbs. each, and gave 94 blows a minute

with a 6|-inch di’op. The screens were 30-mesh steel wire (900 holes to the

square inch), and the output was about tons per stamp per day. Over

77 per cent, of the product was fine enough to pass a 90-mesh sieve. The
ore was then charged into shallow leaching vats and cyanided, the solutions

being run in from below. The depth of the charge 'was from 20 to 30 inches,

and vacuum leaching w^as used. A depth of 3 feet of ungraded pulp was
found to be unmanageable, and no attempts were made to separate the slime.-

According to James, ^ the cost at the Waihi Mill was stated to be 9-58d. per

ton less for dry stamping than for vret stamping on the same ores.

Rolls.—It is generally considered that rolls are specially adapted for

intermediate crushing, taking a product with a maximum diameter of from

f inch to inches from rock-breakers, and reducing it to a size passing

through a screen of 12 or 16 meshes to the square inch. Finer crushing,

however, has often been carried out. The exact limit at which rolls cease to

be economical machines is still a matter of doubt. Like other dry crushing

machines, they are better suited for soft friable material than for either

hard or caking (clayey) ores.

Rolls are cylinders, between two of which pieces of ore are drawn and
crushed by compression. They are placed with their faces a short distance

apart, this distance varying with the degree of fineness to which the ore must
be reduced. The main driving power is apphed to the shaft of only one roll,

by means of belt pulleys, the other roll being driven only with sufficient

force to ensm:e that the rollers will always take hold of the ore, and also to

keep them in motion when no ore is passing between them.
In the older forms, tooth-gearing was used instead of belt pulleys for the

application of the power, and the two rolls were compelled to revolve at an
equal rate of speed by gear-wheels, connecting together, placed on the axles.

The advantages of belted rolls are, that a higher speed can be easily attained,

and also that if the rolls were to become jammed from any cause, the belts

would slip or he thrown off, while the tooth-gearing would be broken. Geared
rolls, however, are still largely used for coarse crushing. The rolls have
crushing tires made of steel or of chilled iron. Chilled iron is much cheaper,
but the wearing of the faces is more rapid and less uniform than in the case
of steel rolls. Emery wheels are used for levelling the unevenly worn faces
of the rolls. The crushing tires can be taken oft' and replaced when they are
worn out. In some rolls the crushing strain is taken up by powerful springs,
which press the rolls towards one another

;
when particularly hard fragments

are passing through the rolls, they are forced apart against the action of the
springs. It is desirable, in order to keep the wear of the faces even, that
the rolls should always be kept parallel, and special appliances are used to
ensure this. The hopper is designed to spread the ore evenly across the
crushing face, and the rolls, screens, elevators, etc., are all securely boxed
in with a wooden housing. This last precaution is necessary in order to
prevent loss by floating dust, which otherwise may be large, the richest part
of the ore thus passing off, and not only making the atmosphere of the mill
insupportable, but having a disastrous effect on the bearings of the machinery.
Rolls for moderately fine crushing are usually from 12 to 16 inches across
the face, and from 22 to 36 inches in diameter, but for coarse crushing larger

^ James, Gyanide Praotice (1901, 1st edition), p. 104.
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rolls, 36 to 54 inclies in diameter, with faces 15 to 28 inches wide, are now
used.

Richards points out^ that ore may be crushed by rolls in two ways,
according to the rate of feed, speed of rolls, etc. If the speed is high and the

feed light, each particle of ore is crushed separately between the rolls. In
this case, which he calls “ free ” crushing, there will be a maximum of coarse

and a minimum of fine material produced. In “ choke crushing, the ore

is fed in a thick stream between the rolls, so that the particles crush each
other and a maximum of fine material is produced. Part of the power will

be used in compressing the loosely-packed stream. According to Richards,
free crushing is the more advantageous course, provided that a very fine

product is not required.

The prevailing opinion seems to be that rolls are not economical fine

crushers. A certain percentage of the material passing through rolls is crushed
very fine, and if the whole product is to be fine, the remainder is sieved out
and retmmed to the rolls. A further quantity, smaller than before, wfill be
sufficiently reduced by the second passage through the rolls. According to

Fischer Wilkinson,^ if fresh coarse ore, equal in quantity to the separated

fines, is added to the intermediate product, it is probable that the output
will remain constant, and that the power required will be less than in the

stamp battery.

Rolls are not generally used to crush finer than about 20 mesh, but Edison
proposes to crush to 200 mesh, using choke crushing and corrugated roils.

^

Corrugated rolls w^ere formerly tried at Mount Morgan and elsewhere, but
w^ere abandoned as being of little value, wearing unevenly, and soon getting

out of order. Edison’s process appears to necessitate a reduction of com-
paratively coarse material to excessively fine particles in a single pair of

rolls. In general, however, it is considered that gradual reduction in successive

pairs of rolls is more economical, the product of one pair of rolls passing to

another set slightly closer together. An application of this principle is

given in the following description ^ of the Mount Morgan plant, Queensland,

formerly in use :

—

At Mount Morgan the ore was soft and friable (the Gossan Cap
with about 10 per cent, of hard boulders of quartz. It was broken in lG:oni

ja'w-breakers (hinge at bottom) to f-inch gauge, dried, and then passed suc-

cessively through four pairs of belted rolls, all running at 112 revolutions

per minute. The distances between the faces were f inch, ^ inch, inch,

and 0 respectively, the first two rolls being 26 inches in diameter and 15 inches

wide, and the last two 36 inches in diameter and 16 inches wide. Revolving
hexagonal screens or trommels were used after each pair of rolls, the brass

screens having 20 holes to the linear inch. The first trommel was protected

inside by a steel screen with 16 holes to the square inch. The coarse product

was in each case sent to the next pair of rolls. The roll tires were of cast

steel, 3 inches thick, and required turning up again in from one to three

months. They lasted twelve months, and were discarded when wmrn down
to I to 1 inch thick. The wear was 0*108 lb. of steel per ton of ore crushed.

The power required was 0*8 I.H.P. per ton crushed in 24 hours. The capacity

was 62 tons per day for each set of eight rolls, and the total cost, exclusive

^ Richards, Ore Dressing, p. 98.
2 Rischer Wilkinson, Trans. Inst. Mng. and Met.

^

1905, 14, 159.
® Simpkin & Ballant3me, ihid..> p. 62.
^ N. F. White, Trans. Australasian Inst. M^ig. Eng., 1900, 6, 37.
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of lighting, breaking, and drying, was 3s, lOd. per ton. The crushed ore

was roasted and chlorinated (see Chap. XIV.). The rolls have now been

superseded by Krupp ball mills (g'.-y.)*

“ At the Bertrand Mining Company’s Lixiviation Mill, Nevada, where

Krom’s rolls are used for pulverising silver ores with a quartz gangue, 15,000

tons of ore were crushed before it was found necessary to put new tires on

the finishing rolls
;

while after a further crushing of 5,000 tons of ore, the

tires of the roughing rolls were still expected to be good for two or three

month’s work. In neither case were the tires found to be at all grooved,

the reason for their renewal being that they had become worn too thin for

further work. The rolls in the Bertrand Mill are stated to crush 50 tons

of hard quartzose ore in twelve horns to pass through a 16-mesh screen

;

while in the Mount Cory Mill, Nevada, 50 tons are reduced to 30 mesh in

the same time.” ^ In these mills silver ores were crushed for treatment

by roasting and lixiviation with a hyposulphite solution.

The Frazee rolls ^ have been designed for fine crushing, better control

being obtained over the wear of the roll-shells by new devices.

Comparison between Rolls and Stamps.—^As the subsequent treatment

of an ore determines its method of crushing, no accurate general comparison

of stamps and rolls can be made. A comparison is only possible in the special

cases where both methods of crushing are applicable. Wet crushing by rolls

need not be considered, as it is not practised
; even where the advocates

of rolls wish to replace stamps by rolls for wet crushing and amalgamation
they propose that the ore should be crushed dry and then wetted down.
Dry crushing by stamps is usually about one-third more expensive than
wet crushing, as the capacity falls off to that extent, in spite of double dis-

charge, assisted occasionally by currents of air given by blowers, which are

designed to carry the crushed ore against the screens. The amount of slime

made is also large. Advantages in the use of rolls for dry crushing have
been stated to be the fewness of the wearing parts, and consequent small

cost of repairs
;

the great efficiency of the process, in that the ore escapes

from the rolls immediately it is crushed, so that overcrushing is unlikely

to occm', and the great capacity of rolls, effective work being constantly
done, and the amount of crushing smface brought into contact with the ore

per minute being very large. The prime cost of the rolls is considerably
less than that of stamps of the same capacity.” ®

The capacity of rolls has perhaps been frequently over-estimated owing
to the assumption having been made, that the product of equal crushing
smfaces must be the same. Thus, Curtis observes in the paper already
cited :— As an index of the capacity of Krom’s rolls, it may be stated that
two sets of 26-inch (diameter) roils, with faces 15 inches long, give rather
more efiective crushing smdace than fifty gravitation stamps, each 8 inches
in diameter, falling at the rate of ninety drops per minute. In making this

calculation, the average diameter of the rolls is taken as only 24 inches,
so as to allow for their gradual wearing, while their speed is taken at 100
revolutions per minute.”

Although the calculated crushing surface is as stated, it does not follow
that the capacity of the two sets of machinery compared with one another

1 Curtis on “Gold Quartz Reduction,” Proc, Inst, Civil Enq., 1892, lo8 , 97.
2 C. Q. Payne, Tmm. Amer, Inst. Mng, Eng,, 1912, 43, 327.
2 Curtis, loG. cit.
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is the same, since it will depend on the pressm‘e as well as the crushing sur-

face. No doubt the pressme at the moment of impact of a 900-Ib. stamp
is enormously greater than that exercised by the faces of the rolls.

On this point J. Eichards, M.E., -wnites:^ “ The coefficient of (crushing)

efiect in such machines (as revolving rollers and reciprocating machines)
is as the area of the acting surfaces, and the speed with which they approach
each other. The mistake in respect of the crushing power of rollers comes
from confounding their circumferential velocity with the working one

—

that is, with the parallel velocity at which the siufaces approach and leave

each other,” that is, the velocity at right angles to the crushing siuiace.

Eichards elsewhere shows that a Blake machine in this way actually outruns
a revolving roller, although its crushing face travels more slowly than the

periphery of the roil. He proceeds :
—

“ The same principle holds good
in respect to stamps, the crushing smiaces havdng a parallel approach, while

with rotary machinery the approach is not parallel, except on an imaginary
line at the centre.”

A point to be noticed is that, in machines which act by pressure applied

on the principle of the lever, such as reciprocating-jaw crushers or roils,

the whole force necessary to crush the lumps of quartz is transmitted to the

fulcrum, this fulcrum being represented in the case of rolls by the bearing

surface at the axle. The consequence is that the frame must be made very

strong and heavy, and the axle bearings attended to with great care, if

rapid wear is to be avoided.

The question whether gravity stamps can be advantageously replaced

by rolls or other machines for crushing material from about If inches to f inch

diameter has again been revived recently. In certain cases, especialljr for

soft ores, the stamps may be the less efficient machine. For hard ores, such

as those of the Eand, there is little prospect of stamps being giv^en up.

Ball Mills.—Mills in which ore is crushed by iron balls have long been
in use. In the earlier forms the balls travelled round in a slot which they

fitted loosely, the crushing being efiected partly by centrifugal force. The
wear of the balls soon interfered with the efficiency of some of these machines,

and none proved very successful. In later machines, a number of small

balls enclosed in a rotating drum crush the ore by falling from little shelves,

and this type has passed into extensive use for dry crushing in Australia

and America.

The Krupp or Krupp Griisomverh Ball Mill ^ has been highly successful.

It consists of a cylindrical drum rotated by belting, but geared down by
toothed wheels (see Fig. 131). The interior of the drum consists of from

5 to 10 overlapping grinding steel plates, a, h, so arranged that the balls

drop a few' inches in passing from each plate to the next. The half, a, of

the grinding plates is perforated with -l-inch tapered holes, and the other

or main grinding half, b, is bent inwards towards the axis to raise the balls

above the next succeeding plate. The crushed ore passes through the

perforations in a, and falls upon a coarse sieve, J, constructed of finely per-

forated steel plates, which protect the outer fine sieves, K, of phosphor

bronze or steel wire gauze. The coarse particles retained on both inner

and outer sieves, which enclose the crushing drum and rotate with it, are

retmmed by elevator plates, I, m, to the interior of the drum through per-

forated plates, n, guarding apertoes between the grinding plates. The

^ J. Richards, Production of Gold and Silver in the United States, 1880, p. 369.

2 See “Ball Mill Practice at Kalgoorlie,” von Bernewitz, 3Ia[/., 1911, 5 , 139.
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material, whicli need not. be smaller than 2 or 3 inches in diameter and is

sometimes larger, is fed into the drum from a hopper at the side. The balls

are of chilled cast iron or cast steel and of various sizes, the largest being

about 5 inches in diameter. As they wear down, others are added. The

material which passes through the fine sieves falls into a hopper which is
continuous with the dust-proof casing of sheet iron. The interior of the
sides of the drum is lined with chilled iron or steel plates. The mills are made
in eleven sizes, the largest having a drum 8 feet 10 inches in diameter and
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4 feet 6 inches in width. This size rotates 21 to 24 times per nnnute and
contains about 2 tons of steel balls. The power required is about 50 to 60
H.P., and the amount crushed is about 3 tons of quartzose ore per hour
through a 40-inesh sieve. Smaller mills, however, are usually employed,
especially the No. 5 mill (see below) which contains 20 to 22 cwts. of steel

bails and has an output of about 1|- tons of Kalgoorlie ore per hour, using

a 20-mesh screen. One steel bail weighing 18 lbs. is added each day to

compensate for wear.^

The feed for the Ehupp ball is regulated by sound, a correctly fed mill

giving a rumbling sound, and a mill running light giving a clear metallic

sound due to the balls striking one another.^ It is usually stated that the
mill crushes by impact, but Von Bernewitz is satisfied that the main action

is by attrition, the balls rolling over and rubbing and grinding the ore. The
size of the ore feed is about 3-inch cubes. The wear of steel is about 0-55 lb.

per ton of ore at Kalgoorlie, and the total cost varies from 17*8d. to 32 -Sd.

per ton (Von Bernewitz). The fine screens are brushed once a day.

The same mill is made for wet crushing with an increase of output of about

30 per cent. Sprays of water are introduced inside the drum and are directed

against the sieves, and the lower part of the dust casing is converted into

a spitzkasten, which separates slime from sand. The wet crushing mill,

however, has not yet passed into regular use.

The Ehupp ball mills installed at Mount Morgan,® where they were for

the first time used for crushing gold ores, are shown in Fig. 131, which is

reproduced by the kind permission of the Australasian Institute of Mining

Engineers. They are No. 5 mills, 7 feet 6 inches in diameter and 3 feet

9 inches wide, and containing about a ton of steel balls. There are 10 cast-

steel grinding plates, and the fine screen has 400 holes to the square inch.

The mills were driven at from 21 to 22 revolutions per minute, and crushed

soft friable ores containing 10 per cent, of hard-quartz boulders (see above,

p. 275). The ores were delivered from rock breakers. Sixteen mills crushed

about 123 tons in eight hours, so that the product of each mill was 23 tons

per day of 24 hom’s. The power required was 13 I.H.P. per mill. The wear
amounted to 0*919 lb. of steel plates, bolts, etc., and 0*725 lb. of steel balls

per ton of ore on a run of 12 months, ending 31st May, 1899. The total cost

for breaking, drying, and crushing vras 3s. lid. per ton against 6s. 9d. per

ton when Krom rolls were used. Exclusive of power, the cost of crushing

in the ball mills only was Is. 3d. per ton.

These mills have also been largely used in crushing at Kalgoorlie, where

the experience is similar to that at Mount Morgan. The screens used at the

Great Boulder Main Reef ^ were 900 to the square inch, and 60 per cent,

of the product passed a 90-mesh screen. The cost of crushing, exclusive of

power, was Is. 6d. per ton.

Von Bernewitz ^ gives another instance of a West Australian mill using

No. 5 Krupp ball mills, which ran at 26 revolutions per minute, taking from

16 to 20 H.P. each. A steady feed of ore was maintained from a shaking

^ W. E. Simpson, Trans. Inst. Mng. and Met.^ 1903, 13, 25.

^ Von Bernewitz, loo. cit.
® “ Some Notes on Dry Crushing,” by N. F. White, Trans. Australasian Inst. Mng. Eng.y

1900, 6, 37.
^ A. G. Charleton, Gold Mining and Milling in Western Australia (1903), p. 247.

® Von Bernewitz, Mmioig J., Sept. 4, 1909, p. 299 ;
J. Chem, Met. and Mng. Soc. of S.

Africa, 1909, 10 , 222.
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feeder. Each mill was loaded with 2,350 lbs. of steel balls and crushed

40 tons daily through a 27-mesh screen. Using Krupp steel liners, the mill

ran for eight to ten months without renewals. Three balls were added per

week, the consumption in balls being 3-| ozs. steel per ton crushed. The balls

were worn to inches diameter. A fan drew off the dust and helped to keep

the fine screens clear. The cost of crushing was Is. 8|d. per ton. Von
Bernewitz considered these mills better for dry crushing than stamps, rolls.,

or Griffin mills.

The Griffin Mill is also used at Kalgoorlie and elsewhere. It consists,

of a single roller about 18 inches in diameter with a vertical axis. It is sus-

pended from above somewhat in the manner of the Huntington mill, and
made to rotate about 200 times a minute. At the same time it rolls round

on the inside of a die-ring 30 inches in diameter, so that it has a gyratory

motion. The screens are placed above the die ring. The machine is also

used for wet crushing. It produces a finer product than ball mills when
using an equivalent screen, and is thus more suitable when the ore is to be
slimed than when the product is to be treated by leaching without separation

of the slime. James gives the cost of crushing through a 15-mesh screen

at Kalgoorlie as Is. lOd. per ton, exclusive of power.^ In December, 1904.

34 Griffin mills and 14 Huntington mills were in use in Western Austi’alia

for preparing ores for cyaniding.^

^ James, Cyanide Practice (1901), p. 111.
2 Govt. Gazette of Western Australia, Dec. 1904, pp. 530-554.
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CHAPTER XIIL

ROASTING.

Introduction.—The roasting of gold ores as a preliminary to chlorination

or cyanidation was formerly largely practised. With the discontinuance

of the chlorination process and the progress of other methods of treating

telluride ores by cyanide (see Chap. XVII.), it is becoming an unusual

•course to roast gold ores, except at Kalgoorlie. Brief descriptions of the usual

methods are given below.

The operation of roasting, as a preliminary to chlorination, has for its

object the expulsion of the sulphur, arsenic, antimony and other volatile

substances existing in the ore, and the oxidation of the metals left behind,

so as to leave nothing (except metallic gold) which can combine with chlorine

when the ore is subsequently treated with it in aqueous solution. For this

purpose the ore is heated in a furnace, through which a cmTent of ah is

passed, salt being added if oxide of copper, lime, magnesia, etc., are present.

As a preliminary to cyanidation, roasting is used to remove the sulphm
•or tellurium and to prevent the waste of cyanide by cyanicides. The ore

is roasted “ dead ” because the compounds formed in partly oxidised pyrite

(FeS04, etc.), act as cyanicides, whereas the insoluble ferric oxide, Fe^^Os,

finally formed, is not attacked by cyanide. Telluride ores are roasted with

the object of rendering the gold soluble, telluride of gold being only very

slowly attacked by cyanide. As sulphur is always present in telluride ores,

the roasting is continued until the whole of the sulphur is expelled. At
one time ores were also often merely dried before cyanidation, where they

were clayey and plastic, in order to open the pores to the attack of cyanide,

and to make the ores more granular and readily leached. With the progress

in the cyanide treatment of slime, the preliminary drying of ore has become
less common (MacFarren).

The ordinary reverberatory furnace, worked by hand labour, was in wide

use as a preliminary to chlorination, especially where only a few tons, or less,

of concentrate are to be treated per day. Various mechanical fmmaces,

capable of handling large quantities of ore, were devised to supersede the

old-fashioned contrivance, and some of these will be described in the sequel.

Hand-worked Reverberatory Furnace.—The construction of the ordinary

reverberatory fmnace is too well known to need detailed description here.^

It consists of a vaulted chamber, containing the ore
;
through this chamber,

the fiames and products of combustion from a furnace and a current of air

are made to pass in a horizontal direction above the ore, which is thus heated.

The ore is also stirred by hand with iron rakes, which are passed through

small working doors. The hearth of the vault (also called the “ laboratory
’’

of the furnace) is formed of bricks placed on edge, as close together-as possible.

^ See An Introduction to the Study of MeUdlurou, Roberts-Austen and Harbord, 1910,

p. 338.
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No mortar is used, but a little clay is plastered between the bricks. The height

of the furnace hearth is about 3-| feet above the floor of the building, on which

the labourers stand, and the space underneath the hearth is either occupied

by vaults or filled with well tamped rubble. The arch is usually one course

of bricks (8 inches) thick ;
the height between it and the hearth is, in long-

furnaces, about 24 inches near the bridge, and gradually diminishes towards-

the other end. This height is less in short fmnaces. The best firebricks

are used for the fire-box and bridge, and for the hearth and arch of the first

few feet of the '' laboratory.” The remainder is made of common brick.

It is necessary to have a damper in the flue to regulate the draught
;
the

aperture of the flue should not be on a level with the hearth, as in that case

the loss by dusting is increased. The brickwork of the furnace is supported

by longitudinal and transverse iron braces which may be eased as the furnace

becomes hot, in order to avoid any buckling of the walls. The working doors

have cast-iron frames, and are about 15 inches wide and 9 inches high. The
fuel used must of course be a long-flame coal, or wood.

For the particular purpose of roasting pyritic ores before chlorination,

the temperature on the working floor of the furnace is kept low when the ore

is first charged in, and high in the later stages. If a single small floor is used

the fire must be alternately checked and urged to secure these conditions.

Moreover, when the roasting is nearly complete, the high temperatee required

renders the gases passing into the flue very hot, and so a corresponding waste
of fuel results. To prevent this waste, it is customary for roasting furnaces-

to be built with a very long hearth, or to have several successive hearths,

so as to utilise the waste heat from the portion of the working floor next

the fire. Furnaces with three floors at slightly different levels are much
favoured

;
in these a charge remains for a few hours on each of the floors-

in succession. It is first placed on the floor farthest removed from the fire,

and, after a time, is raked down on to the middle hearth, and thence to

that nearest the fire, fresh charges being put on the spaces just cleared, so-

that there are always three charges in the furnace in various stages of

oxidation.

The most usual form in the Western States of America is the “ 4-hearth,”

in which the length of the hearth is fom’ times its width, so that the dimen-
sions are, say, width 15 feet, length 60 feet. In this case there should be-

eight working doors on each side. Instead of three floors at different levels,

a single continuous floor, sloping down from the flue towards the fire, has been
used at many works in Australia, Mexico, and the United States. At Suter
Creek a continuous-hearth fmmace was 12 feet wide and 80 feet long, and the
mineral was worked in three distinct parts, as though there were three floors.

The angle of slope is made large in some Australian furnaces, so that in the
com'se of the rabbling ” or stirring, the ore continually travels towards-
the fire-box. Furnaces with two or three superposed floors are also used
to a limited extent

;
the lowest floor is next the fire-box, and communicates

by a vertical flue with the floor above, and so on. The ore is charged in on
the top floor, and after a time is raked down through the vertical flue on to-

the next floor. In this case the floors are heated by the gases passing below
them as well as above them, and fuel is economised. Merton’s furnace,,

subsequently described, is one of this kind with automatic rabbling.

The operation of roasting pyritic ore in an ordinary furnace with three
floors may be described as follows :—The furnace being hot, and the flame
from the fire-box reaching completely across the first floor, the ore is charged
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in on the third floor and spread out by the rabbling tool. The weight of the

charge may be taken as from 12 to 18 lbs. per square foot of floor space,,

varying according to the nature of the ore, a high percentage of sulphur

necessitating small charges. The layer of ore is 2 or 3 inches deep. It is not

spread quite evenly, but made to form a series of parallel ridges by means
of the rabbling tool, so as to increase the surface exposed to the air. The
working doors may he closed at first to heat the ore quickly. Moisture is

at once given ofl in great quantities, and the sulphm’ soon begins to burn
with a blue flame. When this is seen to take place, all the working doors

are opened, and the charge is energetically rabbled, with little intermission,

until the sulphm: flame disappears. If this is not done, clots are formed
which are afterwards difficult to break up. The air for the combustion
of the sulphur is supplied by holes in the fire-bridge and from the working

doors. The flames and heated products of combustion from the fire tend

to rise above the colder air, and move along next to the arch of the furnace,

while the air forms a sheet between these gases and the ore. In practice,

although the air is introduced below them, nevertheless the reducing gases

from the fire partially mix with the air, and greatly reduce its oxidising

power. Moreover, the combustion of the sulphur in the ore on the first

two floors further reduces the amount of free oxygen present in the cuiTent

of air, and roasting on the third floor is, therefore, largely dependent on air

derived from the working doors.

When the sulphm* flames have abated, and the charge has been heated

almost to redness, it is transferred to the middle floor, where it is raised to

a dull red heat and most of the sulphating takes place. During this stage

the ore swells considerably, so as to occupy much more than its original

bulk. All the lumps previously formed should be broken up on this floor.

Rabbling is continued until the ore is uniformly dull throughout, so that,

on turning it over, the fresh sm*faces appear but little brighter than that

which has been exposed for some time. The charge is then transferred to

the floor next the fire. There is now little risk of the formation of lumps,

and the charge may be allowed to reach a bright red heat. Rabbling is of

less importance than before, as little oxidation takes place, the chief reaction

which occm*s being the decomposition of the sulphates already formed.

As long as this is still going on, the ore emits the odour of sulphur dioxide.

When no fmrther odour can be detected, and the ore can be piled up so as to

maintain a vertical face, shows no bright specks on its glowing surface,

emits no sparks if some of it is tossed up by the working tool, and is inclined

to become black very readily from cooling, the charge is said to be ‘‘ dead
”

or “ sweet,’' and is ready to be withdrawn. It should be observed that,

when the ore contains much sulphm*, its particles at a low red heat appear

less coherent than when cold, and flow almost like water, so that the charge

cannot be made to form a heap with steep sides. Care must therefore be
taken when the ore is on the middle floor to prevent any part of the charge

from flowing out of the working doors, which it is very liable to do when
being rabbled.

The best means of determining whether a charge is completely roasted

is to throw some of the ore into water and test the solution for soluble sul-

phates with barium chloride.

Certain insoluble sulphides may be detected by boiling the roasted

ore with caustic potash, filtering, and adding a solution of lead car-

bonate, A brown colour or black precipitate denotes the presence
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of sulphides. This test is used at the Great Boulder, according to

D. Ciark.i

Although roasting is carried on until the ore is said to be dead,’’ it is

not practicable to eliminate the whole of the sulphur, and a small percentage

both of insoluble and of soluble sulphur can be found in roasted ores. The

insoluble sulphur is, of course, more detrimental to gold extraction by chlorine

than is soluble sulphur. It is not usual in roasting for chlorination to leave

more than about 0*1 to 0-15 per cent, of insoluble sulphur in the ore, but

much larger percentages of soluble sulphates are often left undecomposed

in roasted ore.

The charge is withdrawn by a scraper, and falls hj gravity through a

hole in the floor of the furnace near the working door into a pit below. This

hole is covered by a plate while roasting is being performed.

The time of roasting depends chiefly on the ore, but may be shortened

by more continuous rabbling than most workmen can perform, the work

being somewhat exhausting. In a three-floor furnace, concentrate with

15 per cent, of sulphur usually remains eight hours on each of the three floors.

The consumption of coal for fuel is usually from 10 to 20 per cent, of the

weight of the ore.

Chemistry of Oxidising Roasting.—Sir Wm. Roberts-Austen discusses

as follows 2 the roasting of a “ mixture consisting of sulphides mainly of

iron and copper, with some sulphide of lead, small quantities of arsenic

and antimony as arsenides, antimonides, and sulpho-salts, usually wdth

copper as a base. The temperature of the furnace in which the operation

is to be performed is gradually raised, the atmosphere being an oxidising

one. The first efiect of the elevation of the temperature is to distil of! sulphur,

reducing the- sulphides to a lower stage of sulphurisation. This sulphur bmms
in the furnace atmosphere to sulphurous anhydride (S02)5 and coming in

contact with the material undergoing oxidation is converted into sulphuric

anhydride (SO3). It should be noted that the material of the brickwork

does not intervene in the reactions, except by its presence as a hot porous

mass, but its influence is, nevertheless, considerable. The roasting of these

sulphides presents a good case for the study of chemical equilibrium. As
soon as the sulphurous anhydride reaches a certain tension, the oxidation

of the sulphide is arrested, even though an excess of oxygen be present,

and the oxidation is not resumed until the actions of the draught change

the conditions of the atmosphere of the fmmace, when the lower sulphides

remaining are slowly oxidised, the copper sulphide being converted into,

copper -sulphate, mainly by the intervention of the sulphuric anhydride,

formed as indicated. Probably by far the greater part of the iron sulphide

only becomes sulphate for a very brief period, being decomposed into the

oxides of iron, mainly ferric oxide, the sulphur passing off. Any silver sulphide

that is present would have been converted into metallic silver at the outset

were it not for the simultaneous presence of other sulphides, notably those

of copper and of iron, which enables the silver sulphide to become converted

into sulphate. The lead sulphide is also converted into sulphate at this low

temperature (viz., about 500°). The heat is now raised still further with a

view to split up the sulphate of copper, the decomposition of which leaves

oxide of copper. If, as in this case, the bases are weak, the sulphmflc anhydride

^ Clark, Aust7'aUan Mhirna '-•vd Metcdlurgy, p. 24.
2 Roberts-Austen, l^resivionrir.’. address to the Chemical Section, British Association,

Cardiff Meeting, 1891 ; Roberts-Austen and Harbord, op. cit., p. 7.
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escapes mainly as sucli
;
but when the sulphates of stronger bases are decom-

posed the sulphuric anhydride is to a great extent decomposed into a mixture

of sulphmnus anhydride and oxygen. The sulphuric anhydride, resulting

from the decomposition of this copper sulphate, converts the silver into

sulphate, and maintains it as such, just as, in turn, at a lower temperature,

the copper itself had been maintained in the form of sulphate by the sulphuric

anhydride eliminated from the iron sulphide. When only a little of the

copper sulphate remains undecomposed, the silver sulphate begins to split

up (viz., at about 700^) . . .
partly by the direct action of heat alone,

and partly by reactions such as those shown in the following equations :

—

Ag2S04. + 4^630^
= 2Ag + 6Te203 4- SO2

AgaSO^ + CU2O = 2Ag + CUSO
4 + CuO.

The charge still contains lead sulphate, which cannot be completely decom-
posed at any temperature attainable in the roasting furnace except in the

presence of silica. . . . The elimination of arsenic and antimony gives

rise to problems of much interest, and again confronts the smelter with a

case of chemical equilibrium. For the sake of brevity it will be well for the

present to limit the consideration to the removal of antimony, which may
be supposed to be present as sulphide. Some sulphide of antimony is distilled

off, but this is not its only mode of escape. An attempt to remove antimony
by rapid oxidation would be attended with the danger of converting it into

insoluble antimoniates of the metals present in the charge. In the early

stages of the roasting it is, therefore, necessary to employ a very low tem-
perature, and the presence of steam is found to be useful as a somxe of hydro-

gen, which removes sulphur as hydrogen sulphide, the gas being freely evolved.

The reaction

SbaSa + 3H2 = 3H2S -f- 2Sb

between hydrogen and sulphide of antimony is, however, endothermic, and
could not, therefore, take place without the aid which is afforded by external

heat. The facts appear to be as follows :—Sulphide of antimony, when
heated, dissociates, and the tension of the sulphur vapour would produce
a state of equilibrium if the sulphur thus liberated were not seized by the

hydrogen, and removed from the system. The equilibrium is thus destroyed,

and fresh sulphide is dissociated. The general result being that the equilibrium

is continually restored and destroyed until the sulphide is decomposed.
The antimony combines with oxygen and escapes as volatile oxide, as does

also the arsenic, a portion of which is volatilised as sulphide.
“ The main object of the process which has been considered is the forma-

tion of soluble sulphate of silver.” The reactions, however, are precisely

similar in an ordinary oxidising roast.

The following remarks on the decomposition of the various minerals

present in complex ores may be of use in assisting the student to under-

stand the reactions which proceed in the roasting furnace :

—

1 . Pyrite, FeS2
.—On heating this compound sulphur is volatilised, the

reactions being probably expressed thus :

—

3FeS.2 = Fe.S,. -f-

TFeSa = Fe7Sg + 882.

The sulphur burns to SO2 ,
which is partly converted by the heated quartz.
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•etc./ into SO3, uniting with the free oxygen present. The ferrous sulphate

formed by this sulphuric acid is split up by the heat and the ferrous oxide

.(FeO) converted into ferric oxide (FegOg) which gives the ore a red colour

when cold. Some basic sulphates always remain undecomposed. If the

temperature of the part of the charge next the fire-bridge has been too high,

•or if the charge is kept too long in the furnace, especially when not freely

exposed to the air, some magnetic oxide is formed, thus :

—

SFe^Os = 2Fe304 -h 0.

The presence of magnetic oxide makes the ore darker in colour. This is an

undesirable change, as the magnetic oxide is acted on by chlorine far more

readily than the sesquioxide.

W. E. Greenawalt^ states that the dark magnetic oxide can be recon-

verted to the red sesquioxide by subjection to a lower temperatui*e and an

abundant supply of air. For this reason he advocates finishing at a lower

temperature than is used for the previous stages of roasting. In four suc-

cessive tests on 100-ton lots he found that a higher percentage of extraction

by chlorination was obtainable by roasting at a high initial heat and a low

finishing heat than by roasting at a lower initial heat and a higher finishing

heat, although, in the latter case, the elimination of the sulphur was more
complete.

2. Glialcofynie.—The decomposition of the copper sulphate formed in

the furnace leaves a mixture of cuprous and cupric oxides, both soluble in

chlorine.

3. Galena, PbS.—The presence of this mineral in any but small quantities

is very detrimental, as both lead sulphate and lead silicate (formed by its

decomposition in the presence of silica) are very fusible, and, at the tempera-

ture required to split up copper sulphate, cause the ore to become pasty

.and form lumps. Roasting must be performed very slowly and cautiously

to avoid this effect.

4. AfseMopyrite, FeAsS.—^Arsenates of iron, copper, lead, etc., when
formed are not easily decomposed, as they resist a high temperature, and are

only slowly converted into sulphates by sulphmdc acid at a red heat. It is,

therefore, desirable to avoid their formation, and with this end in view the

precautions which have been already mentioned above are taken.

5. Antimonial Sulfliides are still more difficult to deal with, the antimon-

.ates formed being less easily decomposed than arsenates. Their formation

is avoided in the manner already described. ’

6. Blende, ZnS, forms oxide and sulphate of zinc, of which the latter

can only be split up by a very high temperature. At a bright red heat a basic

sulphate is formed which is converted to oxide at a white heat. If blende

is roasted at a high temperature and with a plentiful supply of air, sulphate

of zinc is not formed to a large extent.

7. Galciwn Garhonate, CaCOg, is decomposed at a red heat, CO.2 being given

off and caustic lime, CaO, left in the charge. The change is slow at 600°

(low red heat) and rapid at 800° (full red heat). Magnesium carbonate is

similarly decomposed.

8. Tellurides containing gold are fusible far below a red heat, and heavy
losses of gold may occur through absorption by the furnace bottom. The

1 Plattner, Metallurgische Bostprozesse (Freiburg, 1856).
2 Greenawalt, JSnp. and Mng. J,, July 29, 1905, p. 145.
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melted telliiride of gold may remain in the ore, and in that case at a red
heat the tellurium is partly volatilised and partly oxidised to the oxide
TeOg, which also sublimes. Spherical beads of gold remain behind and are

difficult to dissolve. Selenides behave similarly.

9. Metallic Gold, Silver, etc., are fused at high temperatures, forming
spherical beads which are difficult to dissolve. The temperature of the ore

should never be allowed to exceed 1,000°, for this reason.

Elimmation of Arsenic and Antimony.— M. Howe, in explaining how
this is efiected, distinguishes three horizontal zones in the ore : ^ (1) the
upper surface, where oxidation is only slightly hindered by sulphm’ous and
.sulphuric acids by the products of combustion of the fuel

; (2) the middle
layers where oxidation proceeds to a very limited extent

; (3) the lowest

layers, where a pellet of ore is simply exposed to the action ‘of the other

pellets with which it is in contact, of volatilised sulphm, and of sulphm’ous

und sulphuric anhydrides generated by the action of sulphur on previously

formed metallic oxides.” He proceeds
—

'' The expulsion of arsenic and
untimony as sulphides is favoured in the middle and lower zones by the

presence of volatilised sulphur, mixed with sulphiuous acid and at most
a very limited supply of free oxygen and sulphuric acid. In the upper part

of the middle layer, to which a small amount of free oxygen penetrates,

we have the gently oxidising conditions favourable to the formation of

arsenious acid and trioxide of antimony. In the upper zone the stronger

oxidising conditions rather favour the formation of fixed arseniates and
antimoniates, though, even here, part of the arsenic and antimony may
volatilise and escape while passing through their intermediate volatile con-

dition of arsenious acid and trioxide of antimony.” On stirring the mass,

these arsenates and antinionates, being exposed to the reducing action of

volatilised sulphur and undecomposed sulphides in the lower zones, may
again.be converted into volatile oxides. Protoxide of iron, suboxide of copper,

and sulphurous acid are also efficacious in reducing arsenic acid, higher

oxides of iron and copper, and sulphuric acid being formed. “ Thus, every

individual atom of arsenic may travel forth and back many times through

the volatile condition, being oxidised at the surface and reduced below the

surface, . . . and every time it arrives at this volatile condition an oppor-

tunity is ofi’ered it to volatilise and escape.” If a small quantity of coal

or coke dust is mixed with the ore, after it has been completely oxidised,

.and the air excluded, the arsenates and antinionates are again reduced to

the lower oxides, and, if they are ‘‘ carried past the volatile state ”

—

i.e.,

reduced to metals—they may again be passed through it by an oxidising

.atmosphere. “ Of course the expulsion of arsenic and antimony is favoiued

by the presence of a large proportion of pyrites, both because the sulphm
distilled from the pyrites tends to drag them ofi as sulphides, and because the

presence of the pyrites prolongs the roasting, and thus increases the number
•of times which the arsenic and antimony pass back and forth past their

volatile conditions
;

hence, it is sometimes desirable to mix pyrites with
impure ores to fmther the expulsion of their impurities.”

The Use of Salt in Roasting.—Certain ores require the addition of salt

in roasting in order to chloridise material which would otherwise absorb

chlorine when the ore came to be “ gassed,” and so cause additional expense

as well as inconvenience. If silver as well as gold is to be extracted from

^ Howe, Oopx)er Smelting, Bull. No. 2(5 U.S.A, OeoL Burvey, Washington, 1885.
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tlie ore, the addition of salt is necessary in order to form chloride of silver

in the furnace, since metallic silver is not attacked by chlorine at the highest

temperature ever employed in the leaching vat. The silver chloride is then,

dissolved out by sodium thiosulphate or some other solvent either before

or after the extraction of the gold.

Even if no silver is present, an ore must he roasted with salt if it contains,

much copper (as sulphide, or as an oxidised salt), lime, magnesia, or other-

substance which, after being subjected to an oxidising roasting, is rapidly

attacked by chlorine at ordinary temperatures. The salt is usually added,

towards the end of the operation, when no sulphides and only a small per-

centage of sulphates are left undecomposed ;
sometimes, however, the ore

and salt are mixed before charging in. To some sulphides only 5 lbs. of salt

per ton of ofe are added, but others require as much as 90 lbs. per ton. The
weight of salt added must be at least six to eight times that of the silver

present in the ore. If a large amount of salt is used, it is desirable to leach

the roasted ore with water, before treating it with chlorine gas, in order

to remove the coating of soluble sulphates and chlorides remaining on the-

surface of the granules of ore.

The chemical action of the salt is due to a double decomposition between

it and the sulphates of the heavy metals, by which sulphate of soda and the

chlorides of the heavy metals are produced. The following general equation

approximately represents the reaction :

—

2NaCl + RSO
4 = RCI2 + Na^SO^.

Chlorine is also set free by the action of sulphuric anhydride on salt,,

and the presence of water vapour induces the formation of much hydro-

chloric acid. These gases act directly on the several constituents in the ore^

forming chlorides and oxychlorides. The metallic chlorides and oxychlorides

formed are in many cases volatile {e.g., the compounds of copper, iron, lead,

arsenic, antimony, etc.), and, in passing oh, the volatile compounds carry

away with them varying proportions of gold and silver, which, as a rule,

are not recoverable in the dust chambers. The chloride of copper is especially

active in causing these losses.

Other reactions which probably take place are as follows :

—

1 . Ferrous sulphate, acted on by salt at a red heat in the presence of

moist air, yields hydrochloric acid and chlorine, which act on the gold and
silver, while ferric sesquioxide and sodium sulphate are produced.

2. Ferric chloride, FegOlg, is also produced at the same time. This is

volatile, and chloridises silver with great energy at a red heat, sesquioxide

of iron being produced.

3. Cupric chloride, CUCI2 ,
is easily decomposed into cuprous chloride,

CugClg, and free chlorine, or into the oxychloride, GugO-Clg, and free chlorine.

The vapours of CuClg thus give rise to further supplies of nascent chlorine-

available for the chlorination of the silver.

4. Arsenic and antimony form volatile chlorides which are decomposed
by means of oxygen and water vapom', yielding arsenious and antimonious.
acids and nascent chlorine or hydrochloric acid.

It is thus obvious that the presence of base minerals is advantageous,
in that they may cause nascent chlorine to be set free in the presence of silver

in all parts of the furnace. On the other hand, the loss of gold is increased

by any increase in the quantities either of silver or of the base metals, since

in the former case the time of the roasting is prolonged. The best chloridising
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efiect is obtained in a highly oxidising atmosphere, so that very little sulphnr
is required in the ore, and, if much is present, the practice of eliminating
the greater part before adding the salt is not likely to be attended with any
diminution in the percentage of silver chloride formed. Moreover, the
water vapour in the furnace gases promotes the formation of hydrochloric
acid. When salt is used in roasting, the ore is often allowed to cool slowly
in heaps after being withdrawn from the furnace. If treated in this way,
a higher percentage of the silver, etc., is found to be chioridised than if the
ore is wetted down at once, or even spread out to cool in a thin layer. On the
other hand, the losses of gold by volatilisation are increased by slow cooling.

Chlorine continues to be evolved for a long time after the withdrawal of the
charge has taken place, the heaps smelling strongly of the gas.

Losses of Gold in Roasting.—Plattner proved in 1856 ^ that in the oxidising

roasting of ordinary auriferous pyrite, a loss of gold can take place only
when the operation is carried on so rapidly that fine particles are carried off

mechanically by the draught. This conclusion, as far as sulphides and
arsenides are concerned, has been confirmed by Kiistel,^ and by Prof. S. B.
Christy,^ but the latter adds that it is extremely difficult to prevent all

mechanical loss by dusting, which is caused by even a moderate draught.
Kiistel records the loss of 20 per cent, of the gold present during the oxidising

roasting of certain tellurides of gold and silver, and states that this is not a
mechanical loss, but is due to volatilisation. This seems to be a mistake,
see p. 10.

The losses of gold which are sustained when salt is added to the fmmace
charge may be very great. Kiistel found that a telluride ore, on being roasted
with 4 per cent, of salt, lost 8 per cent, of its gold before the ore was red hot.

Aaron ^ found that certain ores, containing only gangue and pyrite, suffered

great loss of gold in roasting with salt which had been added at the com-
mencement of the operation

;
only a small part of this gold was condensed in

the flue, in which was found a yellowish fluff}/ precipitate, consisting largely

of chlorides of copper and iron, and containing nearly 30 ozs. of gold to the
ton. He found that the loss was greatly reduced by diminishing the quantity
of salt, and by reserving it until the dead roasting was nearly complete.

In the chioridising roasting of a Mexican ore, consisting mainly of mag-
netite and p}u:ite with 3*5 to 7 per cent, of chalcop}rrite, C. A. Stetefeldt

found the losses of gold to be from 42*8 to 93 per cent, of the total gold con-

tained. He states ^ that ‘‘ there is no doubt that the volatilisation of the gold
takes place with that of the copper chlorides. The loss increased with the
quantity of these chlorides formed and volatilised.” He further shows,

however, that the presence of copper chloride is not the only possible cause
of loss, since an ore consisting of hard white quartz, intimately mixed with
about 7 per cent, of calcite and a little pyrite, lost 70 to 80 per cent, of its

silver, and 68 to 85 per cent, of its gold, when roasted with 5 per cent, of

salt. When subjected to an oxidising roast, no loss of gold took place. The
reason for the extraordinary behaviour of this ore was not discovered.

Prof. Christy ® found that, in the ores on which he experimented on a

^ Plattner, Metallurgischc Rostprozesse (Freiburg), p. 128.
2 Kiistel, Roasting of Gold and Silver Ores (1880), p. 56.
3 Christy, Trans. Amer Inst. Mng. JSng., 1888, ly# 3.

^ Aaron, Leaching of Gold and Silver Ores (1881), p. 121.
® Stetefeldt, Trans. Amer. Inst. Mng. E^ig., 1885, 14,339.
® Christy, Trans. Amer. Inst. Mng. Kw/., May, 1888, 17, 14.
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small scale in a muffle furnace, a greater loss was sustained by adding tbe

salt near the end of the roasting operation than by mixing the .same weight

of salt with the ore at the start. He explained that this is due to the fact

that the amount of gold volatilised varies with the amount of chlorine which

comes in contact with it. When the salt is added at the start, the chlorine

is at first removed by the sulphur as fast as it is formed, escaping as chloride

of sulphur, and thus the gold is protected from attack. When the salt is

added after a long oxidising roast, the chlorine is rapidly generated (the ore

being red hot and containing large quantities of sulphates), and the gold

is no longer protected from attack by the sulphur. The loss of gold is also

in ail cases increased by working at a higher temperature, owing to the

large amount of chlorine generated, and to the increase in the volatility

of the gold. It is apparent from the results given on p. 61 that the tempera-

ture used in chloridising roasting must be very carefully regulated, the loss

of gold being increased far more by high temperature than by a lengthening

of the time in the furnace. Moreover, the salt must be reduced to the least

possible quantity. It must, however, be remembered that the maximum
volatility of gold chloride is at about 250°, or far below a red heat.

The advantage found to be gained in practice by adding salt near the

end of the operation is due to the fact that, in the continuous roasting of ores

in long-bedded furnaces, the gases given ofi from the finishing floor pass

over a great length of comparatively cold, unsalted, and unoxidised ore before

reaching the fine. The quantity of gold chloride mixed with the chlorine,

which is evolved from the red-hot ore as soon as the salt is added, is no doubt
large; but the SO2 from the colder ore, and the steam from the fuel, ‘‘ offer

excellent means for the reduction of the chloride of gold right within the

fmmace, while the most efficient means probably is the pyrites themselves,’’

which have been proved to be readily capable of condensing gold on their

surface. If all the salt is added at the start, there is a continued volatilisation

of chloride of gold throughout the furnace, and a less favourable opportunity

for it to condense. The difference between the results in the muffle and in

the reverberatory furnace is thus explained.

At ISfevada City, at the Merrifield Mine, and in other works in the neigh-

bourhood, the old-fashioned long furnace, with a single step separating the

finishing hearth from the rest of the furnace, was still used in 1888.^ These
furnaces are from 55 to 65 feet long, holding from 6 to 9 tons, and producing
about 3 tons of roasted ore per day, so that the ore remains in the furnace
from two to three days. The custom there was to give the ore a long oxidising

roast at a low red heat, ending in a low cherry-red heat, and then, when the
ore reached the finishing floor, the temperature was slightly lowered, and the

salt added. The salt was stirred thoroughly into the ore, and as soon as it

was dissolved ” by the roasted ore

—

2‘.e., in about half an hour—the
charge was drawn into the cooling pit. This lowering of the temperature
is evidently of great importance in reducing the loss, but the time occu-
pied in roasting is regarded as less material if no salt is present. These
mills were on custom work, charging $15 to $20 per ton of ore for treatment,
and guaranteeing a yield of 90 per cent, of the gold and 60 per cent, of the
silver. Their method of roasting seems to be considered in California as
that best suited to concentrate containing a high percentage of sulphur,
but their loss in roasting has not been ascertained.

^ Christy, op, cit., p. 42.
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At one of tlie Californian ciilorination mills it was found by experiment
in 1882 that nearly 50 per cent, of the gold and 28 per cent, of the silver

were being lost by volatilisation. In this case the pyrite was roasted on two
hearths for thirty-six hours, 1 per cent, of salt being added foin houi's before

the charge was drawn. The reason for the great loss was thought by Professor

Christy to be the high temperature of roasting, particularly on the charging-in

floor.

The variation of the loss in different ores which are treated precisely

alike is doubtless due partly to the presence or absence of metals forming

volatile chlorides which carry off the gold, and partly to the physical

condition of the latter, the volatilisation being greater if it is in a state

of minute subdivision.

Volatilisation Process for Treating Gold Ore,—S. Croasdale found,^ from
experiments on a number of ores, that from 80 to 99 per cent, of the gold

contained in them could be volatilised by roasting with salt. This formed the

basis of a process for the extraction of gold and silver fi'oni pyritic ore. If

more than 3 per cent, of sulphur was present in the ore it was partly

removed by roasting after dry crushing. Prom 5 to 20 lbs. of salt per ton

of ore was then added and oxidising roasting continued at a temperature of

about 1000°. The gold and silver were volatilised and condensed in scrub-

bing towers or in filters made of burlap sprayed with water. The process was
tried at Mayer, Yavapai County, Arizona, in 1906,^ and the same method
was applied in 1913 by B. Howe to antimonial ore at the Gwalia Con-
sohdated Mine, West Australia.® In both cases the process was soon

abandoned.

Mechanical Furnaces.

The furnaces which have been designed with the object of saving the labour

necessary to work the reverberatory furnaces may be divided into four

classes, viz. :

—

1. Stationary hearth furnaces, supplied with iron hoes moved by machinery

by which the ore is rabbled. The O’Hara, Pearce Turret, Brown, Eopp,
Edwards, Merton, MacDougall, Bvans-Klepetko and Herreshoff furnaces are

examples of this class.

2. Eotating-bed furnaces, in which the hoes or stirrers are stationary,

while the bed supporting the ore revolves. The Godfrey calciner ^ and the

old Bunker Hill furnace are examples of this class.

3. Eotating cylindrical furnaces, which consist of brick-lined iron cylinders

capable of being rotated, so that the ore is tumbled over and over by their

motion while it is being roasted. Examples are the Bruckner, the White-

Howell, the Hofman, and the Argali furnaces.

4. Shaft furnaces, in which the powdered ore falls by gravity, in a shower,

through an ascending column of hot air, the oxidation being effected in the

course of the fall. The Stetefeldt furnace, which is the only one based on

this principle, is not used for dead roasting, as it is not adapted for the pur-

pose. It is used for the chloridising roasting of silver ores, and will not be

-described in this volume.

^ Croasdale, and Mng. Aug. 29, 1903, p. 312 j
Mng. Mag., 1914, lo, 200.

2 O', H. Rairchiid, Mng. and Sci. Press, Sept, 1, 1906.
3 Howe, Mng. Mag., 1913, 9, 437.
* Trans. Inst. Mng. and Met., 1899, 7» 323.
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1. Furnaces with Mechanical Stirrers—O’iJam Furnace.— is the

oldest mechanical furnace, and it bears a great resemblance to the old-

fashioned reverberatory furnace. It has two superposed hearths, in each of

which the arch is very low, so as to confine the heat close to the ore. An

endless chain, set in motion by suitable machinery, passes through the fmmace,

resting on the upper hearth, and returns along the lower hearth. Attached

to the chain at proper intervals are iron frames of a triangular shape
;
on

these frames are a number of ploughs or hoes set at an angle, so that one

set of hoes turns the ore to the centre, and the next set turns it in an

opposite direction towards the walls.
_

The ploughs thus stir the ore

thoroughly, and at the same time move it gradually towards the fire. The

ore falls from the upper to the lower hearth by gravity, and similarly falls

from the lower hearth into a pit when it arrives at the hottest place in the

furnace.

One of the chief causes of dif6.culty and expense in working furnaces with

mechanical stirring apparatus is that the iron hoes gradually become heated,

and they are then rapidly corroded by the sulphur in the ore. In hand

stirring the rabbling tool is withdrawn as soon as it is hot, and allowed to

cool, while another is substituted for it meanwhile, thus prolonging its life.

In furnaces with mechanical rabbles the trouble and expense caused by the

wearing of the hoes were very great until the device was adopted of placing

the moving parts of the mechanism outside the ore-hearth with the stirring

hoes passing through a slot in the furnace wall. This device is used in some

of the furnaces described below. In the Edwards and Merton furnaces,

described below, pp. 294 and 297, which have displaced all other furnaces,

at Kalgoorlie, the rabbles are water-cooled.

MacDo'dgall, Herreshoff, Wedge, and Evans-Klepetlo Furnaces.^—These

fuinaces have from 3 to 8 circular superimposed hearths, the ore being dried

on the top floor and roasted on the lower floors. The ore is stirred by radial

arms carrying teeth, the arms being moved by a rotating central shaft tO'

which they are attached. The furnaces are made hot and in many cases

subsequently work without fuel other than the sulphur in the ore, reducing

the sulphur in concentrate at Butte to about 4 to 6 per cent. They are not

used in roasting gold ores.

Pearce Turret Furnace.—This consists of an ordinary reverberatory

hearth built in an annular form (see Fig. 132). In the centre of the circular

space suiTounded by the hearth is a vertical iron column carrying four hollow

horizontal arms projecting through a slot into the reverberatory hearth

which they cross transversely. The column revolves and the arms carry

rabble blades which traverse the hearth, stirring the ore and moving it round

the circle by degrees. Air is forced through the hollow arms and is dis-

charged against the rabble blades, performing the double duty of cooling the

iron work and of furnishing heated air for the oxidation of the ore.’’ The
ore is discharged automatically after passing once round the furnace. Two
or more fireplaces are used. The hearth is 6, 7, or 8 feet wide, and is now
sometimes built in two and even six fioors, one above the other. Moreover,

the top of the arch is sometimes used as a drying hearth. An improvement
on the air blast for cooling the rabble arms consists in supplying them with

water-jackets, by which their life is lengthened*, the air being let in through

1 “Notes on the Metallurgy of Copper of Montana, H. O. Hofman, Trans. Anier.
Inst, Mng. Eng., 1903, 34, 270-282 ;

Gowland, Non-Ferrous Metals, pp. 30-33.
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tlie fire-boxes and the apertures in the outer wall. This fiunace is not used

in roasting gold ores.

The Broimi Horse-shoe Furnace .—In this furnace the ore-hearth (L,

Fig. 133,
which is a cross-section of the furnace through the ore-hearth

and fire-box), has a narrow chamber, M, on each side of it and separated

from it by tiles projecting downwards from the arch and upwards from, the

hearth, so that only a narrow slot is left between the two series. In the lateral

chambers, M, are laid rails on which the carriages supporting the sthrers

Fig. 132.—Pearce Turret Furnace. The tunnel is shown at A A', and the rabbles at B
These rabbles are moved from the central support S by the gearing G. Hoppei-s

are indicated at H H' ; B B' are the supporting girders of the tunnel. (From
Roberts-Austen and Harbord, Introduction to the Study of Metallurgy^ 1910,

p. 349.)

are moved by a cable running continuously on grooved wheels. These are

placed in doorways in the wall of the furnace to keep them cool. The carriage

spans the ore-hearth, passing through the slots connecting L and M, and is

arranged to grip the cable or release it. The carriage supports steel stirrers

which just reach the ore-hearth and stir and move on the ore. The carriages

run on a continuous elliptical track, only part of which is inside the fmmace.

In operation half the carriages are traversing the fmmace while half are

resting in a cooling space outside the furnace. When two carriages are used,

Fig. 133.—Brown Horse-shoe Furnace—^Transverse Section through Ore-hearth

and Fire-box.

the one moving out of the fmmace strikes the other, which is at rest in the

cooling space, and pushes it forward until it grips the cable automatically

and starts ofi to take up the stirring, and the hot moving carriage is at the

same time automatically released and comes to rest. The stirrers are thus

prevented from becoming overheated.

There are one, two, or more fire-boxes, according to requirements, and

there is generally a prolongation of the ore-hearth outside the furnace walls,

used as a cooling hearth, over which the ore is pushed by the stirrers, until
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it fails into a hopper ready for chlorination. Fig. 133 is a section of the

furnace erected in 1896 at the Golden Eeward Chlorination Mill, at Dead-

wood, Dakota. In this case the roasting hearth was 180 feet long and 8 feet

wide, and the cooling hearth 78 feet long. Three rabbling carriages were

used, following one another at intervals of 90 seconds, and moving the ore

forward at the rate of 22 feet per hour. The ore contained from 2J to 8 per

cent, of sulphur, and 65 tons of ore crushed through 30-mesh sieves were

roasted per day, the product containing 0*3 per cent, of sulphur. The capacity

was thus one ton to every 22 square feet of hearth per day, and the total

cost less than 50 cents per ton for roasting, cooling, and conveying the ore

to the barrels/ the cost per day of twenty-four hours being made up as,

follows :

—

Fuel, 6 cords of wood,
Labour, two men, one each shift.

Power, 5 H.P.,

Oil, lights, repairs, etc..

$ 19.50

5.00

1.25

1.50

$27.25

The Eofp Straight-line Furnace drSers from the Brown furnace in having"

the cable placed underneath the hearth, the slot being in the hearth itself.

Through the slot an arm, connected below with a four-wheeled truck, extends,

upwards, and across the upper end of this arm is the supporting bar from
which the stirring teeth project. The chamber beneath the hearth is easily

accessible for repairs, and the trucks and rabbles are cooled outside the

fmmace while traversing the track leading back to the starting point. The:

hearth of the standard furnace is 105 feet long and 11 feet wide. It w^as

tried at Kalgoorlie, but, like the Brown furnace and Holthoff-Wethey, is

no longer used in roasting gold ores.

The Holthoff-Wethey Furnace^ is of similar design. Six of these were
used at the Great Boulder Perseverance Sulphide Mill in 1901. The fixed

horizontal hearths were 120 feet long and 12 feet wide, the capacity of each

fmnace being 60 to 70 tons per day. The ore, which apparently contains,

about 3 or 4 per cent, of sulphur, is stirred and carried forward by means,

of eight travelling rabbles in each furnace, and less than 0*02 per cent, of

sulphm* in undecomposed sulphides is left in the ore after roasting. These
have now been replaced by the Edwards Duplex furnace.

The Richards Furnace ^ was introduced at Mount Morgan and subse-

quently installed at the Great Boulder Main Eeef Sulphide Works. It con-

sists of eleven superimposed hearths, the whole furnace being 30 feet long,.

12 feet wide, and 65 feet high. It is heated by a single fire, and the issuing

gases are stated to be at a temperature of 300°. The ore is not stirred, but
banks up on each hearth until it forms a natural slope when it slides down,
falling from fioor to floor through vertical flues. At Mount Morgan the cost

of roasting in this furnace was put at 5s. per ton.

The Edwards Furnace ^ (see Figs. 134 to 136).—This furnace and the

1 Eng. and Mng. J.
,
July 4, 1896, p, S.

2 Charleton, Gold Mining and Milling in Western Australia^ p. 348 ;
Mineral Industry

^

1897, p. 448; aiid “Notes on the Metallurgy of Copper of Montana,” by Hofnian, Trans.
Amcr. Inst. Mng. Eng., Feb. 1903, 34, 272.

3 Charleton, op. ciL, p. 328.
^ W. E. Simpson, Trans Inst. Mng. and Met., 1903, 13 , 28 ;

F. D. Power, Eng. and
Mng. J., Feb. 11, 1904, p. 242 ;

(lowland, Non-Ferrous Metals, p. 25.
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Merton furnace are the only ones now in use in roasting gold ores at Kal-
goorhe. The Edwards fui-nace is made in two patterns, the stationary and
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tlie tilting. The stationary Duplex furnace is built of brick with a flue

under the hearth. It has one or two side fire-boxes and one at the end. The

length varies, but is usually from 100 to 120 feet, and the width from 9 to

12 feet. There is a number of rotating rabbles, which are hollow and water-

cooled. The spindles of the rabbles pass through the arch of the furnace,

and above the arch are fitted with crown cog-wheels which gear with bevel

pinion cog-wheels, carried on two lines of shafting running longitudinally

along the top of the furnace. The rabbles are geared right and left alternately

so that two adjacent rabbles rotate in opposite directions. The circular

paths of the feet of the rabbles overlap, and there are little or no dead spaces

on the hearth. The ore moves down the inclined hearth in a zig-zag fashion

under the influence of the rabbles. The shoes of the rabbles are cast iron,

and when worn out can be easily replaced on the feet without cooling the

furnace. In the older furnaces there was only one line of rabbles, instead

of two. The width was 6 feet, and the amount of ore roasted at Kalgoorlie

(containing about 6 per cent, of sulphur) was 12 to 18 tons per day. The

duplex fmmaces roast from 60 to 100 tons of Kalgoorlie ore per day in

preparing it for treatment by the cyanide process.

Figs. 136 and 136.—Edwards' Tilting Furnace.

The hearths at the Associated Mine furnaces ^ are Ilf x 107 feet, the

fall 0*31 inch per foot, and the 52 rabbles move at 2*62 revolutions per minute.

There are three fire-boxes, and fuel consumption averages 11 per cent, of

the ore roasted, which amounts to 95 tons per day in each furnace. The
sulphur in the ore amounted to 5*5 per cent., and the cost of roasting was
2s. 6d. per ton in 1911. If bad work was detected the furnace was stopped

for a time to heat up.

The tilting furnace (Figs. 135 and 136) is made of iron externally and
lined with brick. It consists of two iron girders 63 feet long, resting on
pivots at the centre, and the movement of ore can be regulated by tilting

the furnace from the horizontal to any desired angle to suit the ore, thereby
increasing or decreasing the rate at which the ore passes through the furnace.

The tilting furnace is also made in duplex form. The output for the simplex
pattern is from 8 to 20 tons per day, and for the duplex about double.

M. W. von Bernewitz, Mnfu andSci. Press, May 13, 1911, p. 661.



^ Clark, Australian Mining and Metallurgy, p. 21 ; Ewj* and Mng. Oct. 20, 1904,

p. 634 ;
W. E. Simpson, loc. cit.

;

Gowland, op. cit., p. 28.



298 THE METALLUKGY OF GOLD,

are 23 feet 9 incLes iong and 8 feet wide over all. The height of each arch

is 16-| inches in the middle and 9 inches at the side. The ore is charged in

on the upper hearth, stirred and moved forward by rotating rabbles attached

to vertical shafts, and delivered in succession to the middle and lower hearths

and finally to the finishing hearth. There are four shafts, with a rabble

attached to each shaft on each of the three floors. The hearths are hori-

zontal, having no fall. The capacity of the furnace when treating Kalgoorlie

sulpho-telluride ore is said to be from 18 to 25 tons of ore per day.

In the most recent type of Merton furnace, the shafts on the primary

hearths are hollow and water-cooled, like that on the finishing hearth, and
the finishing hearth is made of greater area, being now 7 feet in diameter.

The furnace is said to treat from 20 to 33 tons of telluride gold ore per day
at Kalgoorlie, bringing the sulphur from 3 to 5 per cent, down to 0-01 per

cent, as sulphide, with a fuel consumption of 14 per cent.

At the Associated Northern Blocks, Kalgoorlie,^ six Merton fm'naces were

treating daily 120 tons of ore containing 3 per cent, sulphur. The hearths

were 30 feet by 6|- feet, and most of the elimination of the sulphur was on
the third or lowest hearth. The consumption of fuel was 14 per cent, by
weight of the ore, and the cost of roasting 2s. 9d. per ton.

The Associated Furnace ^ at work at Kalgoorlie at the same time had two
superimposed hearths, each 46 feet long, of which the upper one only was
heated by a fire, although about half the sulphur was burnt ofi on the lower

hearth.

2. Revolving Cylindrical Furnaces.—In the fixed-charge intermittent

furnaces, such as the Briickner cylinder and the Hofman furnace, a charge

of ore was introduced through apertures, which were then closed and the

furnace rotated until the roasting was complete.

The White-Hoioell fmmace (Fig. 138) is an old example of the continuous

working furnaces of this type. The ore fed in at the upper end travels down
through the inclined cylinder towards the fire, and is discharged automatically

at the lower end. There is a considerable loss of ore by dusting. In this

furnace only the enlarged part next the fire-box is lined with firebrick, the

remainder being left unlined. Cast-iron spirally-arranged shelves assist

in raising and showering the pulp through the flames. John E. Rothwell ^

added a hopper-shaped dust chamber with its bottom consisting of an inclined

cast-iron plate projecting about 8 inches into the upper end of the cylinder.

The dust' carried out of the cylinder settled in this chamber, and, as it accumu-
lated, slid down the sides and mixed with the fresh ore. Rothwell used a
cylinder 36 feet long and 5 feet in diameter with an inclination of 14 inches

only, rotating once per minute. The lining was of firebrick, 6 inches thick.

The Argali Roasting Furnace ,—This is a modification of the older forms
of rotating cylindrical furnaces, and consists of four small parallel tubes
instead of one large one. The tubes are about 28 feet long, 2 feet in diameter,
and lined with firebrick, which is thicker at the lower end nearest the fire.

The ore is equally distributed between the tubes, so that the furnace is

balanced and requires but little power to rotate it. The furnace is rotated
by friction drivers, and makes about one revolution in four minutes, the
slowness of movement of the ore diminishing the loss by dusting. The
working drawings reproduced in Figs. 139 and 140 were supplied for the

^ Von Bemewitz, loc. cit,
® Rothwell, Mineral Industry, 1892, p. 234.

2 Ibid.
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purpose by Pbilip Argali. The furnace as shown is arranged for biu*ning

coal, but some have been erected and were used for some time with oil as

fuel The capacity of the furnace when roasting ores containing 2 per cent,

of sulphur is from 45 to 50 tons per day, the suiphm’ being reduced to OT per

cent.
;
the ore is from two to three horns in the furnace, and the consumption

of slack coal for this ore is 150 to 160 lbs. per ton. On p}T:itic ores containing

12 per cent, of sulphm, the capacity is said to be from 25 to 30 tons per day.

The cost of roasting is very small, hardly any repairs and supervision being

necessary. The furnace was used continuously for some years at Cyanide,

Colorado, in roasting Cripple Creek ores for cyanide treatment. Similar

furnaces with modifications, are used for drying ore and also for cooling

roasted ore. In the cooler, water tubes and Jackets reduce the temperatiue

of 300 tons of ore per day from a red heat to the ordinary temperature.

The drying furnaces were in use in 1914 at the Cam and Motor Mill,

Ehodesia.

Use of Producer Gas in Roasting.—^The use of producer gas in roasting

may be mentioned. It was introduced at the Holden Mill, Aspen, Colorado,

in 1891, and soon completely displaced other fuel there for both drying and
roasting.^ Producer gas was introduced at the Great Boulder Sulphide Mill,

Kalgoorlie, in 1901 ^ for use in the Edwards furnaces. It is produced from a

mixture of coal and sawdust. There are three Dowson producers, 15 feet

high and 6 feet in diameter. The gas is delivered to each furnace by a 6-inch

pipe, from a 20-inch main, and distributed to various parts of the furnace

by smaller pipes. The use of wood for firing was apparently not entirely

dispensed with at first.

Cooling Roasted Ore.—This was formerly effected by spreading the roasted

ore on sheet-iron floors, and either leaving it for twenty-four hours, or damping
it down with a hose-pipe. More recently ^ it has been passed through plain

or, multi-tubular cylinders cooled with water, or passed back by automatic

rabbles above or below the stationary hearth furnaces, or allowed to fall

from shelf to shelf through air in towers built on the Hasenclever principle.

^ W. S. Morse, Tmns. Amer. ImL Mng. Eng., 1893, 21, 919.
^ A. Gr Charleton, Gold Mining and Milling in Western Australia, p . 339.
® Rothwell, Mineral Industry, 1900, 9,

364."
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GHAPTEE XIV*

CHLORINATION.

Introduction.—The chlorination process depends on the fact that chlorine

readily attacks gold (see above, p. 61), and forms soluble gold chloride.

The solution is separated from the ore and the gold precipitated by suitable

reagents. The process was widely used for the treatment of concentrate from

about 1850 downwards, and for the treatment of suitable ore from about

1888 to 1912. It has now been superseded, mainly by the cyanide process,

except for the treatment of small quantities of concentrate in a few scattered

mills, and will probably soon become entirely obsolete. A brief account of

it is given in this chapter.

The use of chlorine as an agent for the extraction of gold from ores was
first suggested by Br. John Percy, F.E.S., at the Swansea meeting of the

British Association, held in August, 1848, in a paper ^ embodying the results

of experiments carried out in the year 1846. Simultaneously, in 1848, Prof.

C. F, Plattner, Assay Master at the Eoyal Freiberg Smelting Works, applied

chlorine gas to the assay of the Eeichenstein residues, and proposed that

a similar method of treatment should be adopted on a large scale. These

residues were the result of treating the Eeichenstein ore with the object

of extracting the arsenic. They consisted chiefly of oxides of iron and oxidised

arsenical compounds, and had been roasted in the course of the process for

the extraction of the arsenic. The residues had been accumulating for more
than a century, and contained from 15 dwts. to 1 oz. of gold per ton

;
they

were considered too poor to smelt, while they could not be made to yield

the gold contained in them by amalgamation.

Prof. Plattner’s suggestion was followed up by investigations made by
Br. Buflos in 1848,^ and by Lange in 1849.^ Br. Buflos compared the results

obtained by treating the residues with chlorine water by percolation in a

stationary vat, and by agitation in a revolving barrel
;
and as these results

were the same, he recommended the stationary vat as being more economical.

He also obtained identical results with chlorine-water and with dilute solu-

tions of chloride of lime and hydrochloric acid mixed together. On the other

hand, Lange believed that gaseous chlorine, applied to the ore in the same
manner as had been used by Plattner in assaying, was a more efficient agent
than a solution of chlorine in water, and it seems to have been in accordance
with his advice that the first chlorination works, that at Eeichenstein, was
estabhshed in 1849. The chlorinating vessels were small earthenware pots,

and the precipitant employed was sulphuretted hydrogen. Plattner sub-

sequently recommended wooden vats coated with pitch, and ferrous sulphate

as a precipitant, and although these were not at first used at Eeichenstein

^ Percy, Phil. Mag., 1853, 36, 1-8.
2 Buflos, J, prakt. Cliem., 1849, 48 ,

65-70.”
® Lange, Karsten^s Archiv, 1851, 24, 396-429.
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they were adopted by G. F. Deetken in 1857, wlien be introduced the system
into California.

Tbe following three systems of chlorination were developed, and used
in different parts of the world :

—

1. The Plattner 'process, in which the gold is dissolved by means of gaseous
chlorine acting on moist ore. The actual solvent is really a saturated solution

of chlorine in water. The process is almost obsolete.

2. The Barrel process, in which a supersaturated solution of chlorine in

water is used, the chlorine being kept in solution by an atmosphere of chlorine

of a few pounds pressure inside the barrel. The process is obsolete.

3. The Yat-solution process, in which weaker, unsaturated solutions of

chlorine are used. The process is obsolete.

These processes are described separately below, in the order of their

introduction on a working scale. For the volatilisation (chlorine roasting),

process, see above, p. 291.

The Plattner Process.

Plattner Process at Reichenstein.^—^The material treated consisted of

the residues obtained by roasting arsenical iron pyrites for the production

of white arsenic, which was volatihsed and condensed in brick chambers.

There were- forty-eight earthen chlorination pots, each holding 150 lbs. of

ore. These pots were strengthened with iron hoops, and suspended on twO'

journals, so that they could be discharged by inverting them.

The lower part of the pots was of a conical shape, and this part was
filled with pebbles and sand covered with a perforated earthen plate, the

function of which was to prevent the ore from mixing with the filter bed.

The ore filled the cylindrical part of the pot above the earthen plate. The
chlorine was generated by the action of hydrochloric and sulphuric acids

on manganese dioxide in earthenware vessels, and was conveyed thence

to the ore-pots through leaden pipes. The gas was introduced below the

filter bed, and passed upwards through the ore for an hour
;
a wooden cover

was then fitted on, but not luted down until chlorine had been passed for

from six to seven hours longer, after which all joints w'ere luted down with

dough, and the vat left until the next day. The cover was then removed and
water, at a temperature of from 64° to 77° F., poured on, and allowed to

percolate through the ore and filter bed by gravity. The hquid coming from
twenty-four pots was conveyed to four vats, the first one being filled with

solution before the second was used, and so on ;
the contents of the fourth

vat, being too poor for precipitation, were used over again for leaching. The
leaching was stopped when 90 cubic feet of water had passed through the

total charge of 3,600 lbs., this being at the rate of 312 gallons per ton of

2,000 lbs. The liquid from the first three vats was drawn off into twenty
glass globes, which were heated on a sand bath so as to raise the temperature

to 77° F. Sulphuretted hydrogen, obtained from fused sulphide of lead and
sulphmic acid, was passed through until the saturation point was reached,

when the liquid was left to settle until the next day
;

after this the clear

supernatant liquid was passed through sawdust filters to catch all the sul-

phide of gold, which might still have been in suspension. The sulphides-

were refined by dissolving them in acids, precipitating the metallic gold

1 B. Kerl, Hiittenkundc, 1865, 4, 372.
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witli ferrous sulphate, and melting it in clay crucibles with nitre and borax.

The amount of roasted ore treated daily was 3,600 lbs., containing about

I oz. of gold per ton, so that only about 250 ozs. of gold were extracted

yearly, and it is difficult to believe that the enterprise could have been a
commercial success.

Later Practice in the Plattner Process.—The system ascribed to Plattner

consists of the following operations :

—

1. The concentrate or residue is subjected to a ‘^dead” roast in a
reverberatory fmmace.

2. The roasted ore is slightly damped with water and charged into wooden
vats, holding from 1 ton upwards. The vats have false bottoms consisting

of filter beds of gravel or of cloth. Chlorine gas, generated in another vessel,

is introduced at the bottom of the vat, and rises through the ore, permeating
revery part of it. The vat is then closed up and left undisturbed for twenty-
four hours or more, by which time all the gold is converted into soluble

chloride of gold,

3. The soluble salts are then washed out with water, which is allowed to

flow on to the surface of the ore, and, passing through it, drains through
The filter bed. When all the gold has thus been removed in solution, the
tailing is thrown away.

4. The solution of gold chloride is acted on by ferrous sulphate, or

•some other suitable reagent, by which the gold is precipitated
; the

particles of the precious metal are allowed to settle, and then are col-

lected and melted down.

This process may be used for the treatment of small quantities of roasted
concentrate. The principal modifications which were made in it were intro-

duced mainly in order to deal with larger quantities of material.

The Vats.—^The vats used for impregnating the ore with chlorine are
usually, in California, about 7 feet in diameter, and are made of staves 3 feet

long and 2 inches thick, which consist of the best split sugar-pine. They are
coated with a mixture of pitch and tar to protect them from the corrosive

.action of the chlorine. Before being used for the first time, the vats are
thoroughly soaked with water to diminish their absorptive action on the
chloride of gold solution, but all wood brought in contact with this solution

is nevertheless invariably impregnated with a certain amount of gold. This
may be recovered after the vats, etc., are worn out, by burning them and
fusing the ashes with suitable fluxes. The false bottom generally consists
•of quartz pebbles, the lowest layer being of the size of hazel nuts, and each
successive layer consisting of finer material until, at the top, a thin layer of

fine sand (passing a 20-mesh sieve, but retained on a 60-mesh sieve) is spread
evenly over the surface. The thickness of the filter bed (which is not shown
in the figure) is usually from 6 to 12 inches. It is supported on boards (A,
Fig. 141), 1 inch thick, in which numerous |-inch auger holes are drilled

;

these boards rest on wooden strips (not shown in the figure), 3 inches wide
.and 1 inch thick, which do not reach the edge of the vat, and so keep a clear

•space 1 inch deep, just above the true bottom of the vat, in which the solu-
tion can accumulate. The solution is drawn off by a leaden pipe fitted with
„a stopcock, preferably of stoneware. Deetken states^ that fine sea-shells

.(consisting of carbonate of lime) have been used instead of quartz pebbles
for the filter beds without any prejudicial result. Talcose rocks, and

1 Deetken, 3Ime'i'al Remurcea Went of the Roeky 3Ioxmtaitin, 1873, p. 342.
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particularly silicates of alumina, must not be used on account of their power
of absorbing the chlorine. For the same reason sulphides, magnetic iron

oxide, metallic iron, fragments of wood or other organic matter, or, briefly,

any substance capable of being acted on by chlorine or of reducing the chloride

of gold, must be carefully excluded from the filter bed.

The surface of the filter bed is covered with boards, not fitted closely

together, but made into a framewmrk by cross-pieces and pierced with many
auger holes. This cover is useful when the tailing is being cleared out,

otherwise, in shovelling away the ore, the surface of the filter bed is partly

removed also. Filter cloths of canvas, burlap, or cocoa-nut fibre matting

are also frequently used above the filter-bed, stretched tightly over a frame-

work of wood which accurately fits the inside of the vat. The space betw^een

the canvas and the wall of the vat is packed with hemp or other material

closely tamped down. Filter-cloths of every material, except asbestos,

are soon rotted by the action of the chlorine, and their use is frequently

dispensed with. Wool lasts longer than cotton.

Charging in the Ore.—^When the vats are ready to be charged, a layer

of dry ore is spread over the false bottom, and time given for the water

from the filter bed to be drawn up into this layer by capillary attraction.

If attention is not paid to this point, the lowest layer of ore becomes too

wet from the combined eflect of the water added to it before charging in

and that absorbed from the false bottom. The result is that the passage

of the chlorine through the mass is resisted and there is a great increase in

the consumption of the gas. Deetken states that the whole of the usual

charge of gas may be thus consumed, not rising more than a few inches above

the bottom. The greater part of the charge is damped by sprinkling with

water and thoroughly mixing. The amount of the water added varies with

the nature of the ore, but the usual amount is from 6 to 12 per cent, for

roasted ores. If it is made too wet, dry ore to the required amount is mixed
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with it. A good rough method of ascertaining when it is of the proper degree

of dampness is to compress some in the hand
;

balls of ore should be readily

formed in this way, but should be just dry enough to crumble up again.

The reason for the addition of water is that perfectly dry chlorine has scarcely

any action on metallic gold at ordinary temperatui*es, and up to a certain

point an increase in the amount of water present raises the rate of dissolution

of the gold. The limit of the amount of water that can be added is, however,

determined by physical conditions, as the mass must be of loose porous

texture in order to permit the gas to permeate readily through every portion

of it. The ore is passed through a 4-mesh sieve, and falls into the vat in a

hght shower. Although left undisturbed as far as possible, the charge must
be levelled off with a rake occasionally

When the vat is filled to within 6 inches of the top, the surface of the ore

is made concave or saucer-shaped, higher at the sides than in the middle.

The cover, usually of wood, is then lowered on to the vat by means of a chain

and pulley, and the rim luted with a mixture of wet clay and sand, or, more
usually in former times, with dqugh. These joints are kept moist during

the ‘‘gassing.” process by wet rags. The gas is introduced through a lead

pipe, which is shown on the left-hand side of Fig. 141, passing into the vat

below the false bottom. A small hole is left in the cover through which the

displaced air may escape, and the

issuing gases are tested Irom time to

time by means of a rag tied to a

stick and moistened with dilute

ammonia. As soon as chlorine is

found to be coming off freely, the

hole is plugged, but the current of

gas is not stopped until after the

lapse of one or two hours more,

when the charge is supposed to be

/ saturated with the gas, the total

Fig. 142.—Wash-Bottle for Chlorine Gas. required for the impregnation
being usually from five to eight hours.

Generation of the Chlorine.^—The chlorine is generated in air-tight vessels

of lead heated by a water bath and fitted with a stirring apparatus passing

through the lid and wmrked from the outside. The gas necessary for a 3-ton

charge of roasted concentrate may be generated in a leaden vessel of 20 inches

in diameter and 12 inches deep. The charge for 3 tons of ore consists of 20 to

24 lbs. of rock salt, 15 to 20 lbs. of manganese dioxide, containing 70 per
cent, of available material, and 35 lbs. of oil of vitriol of 66° B., diluted

with hah its weight of water.

The outlet tube is of lead, but connections in pipes are often made by
short pieces of indiarubber-tubing, well greased on the inside. These resist

the action of chlorine fairly well. The gas is passed through about I inch
of water in the wash-bottle shown in Fig. 142. The use of the wash-bottle
is partly to free the chlorine from hydrochloric acid, or other impurities

with which it is contaminated, but mainly to give an indication of the
rate of flow of the gas. A little hydrochloric acid does no great harm,
and in any case some hydrochloric acid is formed in the charge by the

^ See description and figure of the Edwards generator in the section on Miller’s chlorine
process, Chap. XVIII.
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action of chlorine on traces of sulphides left undecomposed in the ore,

thus :

—

E^S + 4CI2 + = E2SO4 + 8HCL

The only disadvantage due to the presence of much hydrochloric acid

in the gas lies in the fact that certain metallic oxides (oxides of iron, copper,

etc.) are much more readily soluble in the acid than in chlorine, chlorides

and water being formed, and the resulting solution will be contaminated
with these chlorides, so that special precautions are necessitated to prevent
the bullion from becoming base.

Impregnation of the Ore.—The ore is allowed to remain impregnated
with the gas for from twenty-four to forty-eight hours, the continued presence

of a strong excess of gas being ascertained at intervals by removing the plug
from the cover and applying the ammonia test. When, as is usually the case,

there is a large excess of gas when the impregnation is at an end, it may be
disposed of in one of several ways. It may be dissolved by adding water
before raising the cover (the usual method of procedm^e), or it may be
withdrawn by aspiration and discharged outside the building, or stored in

a gasometer for use in a subsequent charge.

The time of impregnation varies according to the size of the particles of

gold, the fineness of the metal, and the temperature employed. Chlorine

has a very slow action on pure gold, the rate increasing gradually with the

temperature up to 100°, see pp. 22 and 61.

Fine gold is acted on more slowly than that of less fineness. The alloys

containing base metals (copper, etc.) are dissolved very rapidly, and small

quantities even of silver appear to increase the rate of solution, but if the

percentage of silver amounts to 10 per cent, or over,^ an insoluble coating

of chloride of silver is formed over the granule, and fmother action is checked

or completely stopped.

Reactions in the Impregnation Vat.—^The amount of chlorine to be used
depends mainly on the substances present, other than gold, by which chlorine

is absorbed. If any sulphides are present they are oxidised by the chlorine

in presence of water
;

sulphates, chlorides, and sulphuric and hydrochloric

acids being formed.

Protosulphates or any other protosalts present are converted almost

instantaneously to persalts by the chlorine, as follows :

—

GFeSO^ 4- 3CI2 = 2Fe2(S04)3 -f 2FeCl3.

It is obvious from these reactions that great waste of chlorine in the

impregnation vat is caused by imperfect roasting, 1 per cent, of unoxidised

sulphm’ present in pyrite, if open to the attack of the chlorine, being enough
to convert 8*9 per cent, of chlorine (or about 200 lbs. per ton of ore) into

hydrochloric acid. It is, therefore, desirable that the ore should be roasted

dead.

Sulphate of copper (CUSO4) does not appear to be acted on by chlorine,

but, nevertheless, when much of it is present in a roasted ore, chlorination

generally seems to be rendered impracticable. This is possibly due to the

fact that some sulphate of iron accompanies it. Whenever sulphates of these

metals are left in the roasted ore by accident or design it is necessary to remove

them by a preliminary leaching with water before the chlorine is introduced.

^ Hofman and Magnnson, Trans. Amei\ Inst. Mncf. Em/., 1904, 35 , 948.

20
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Of course if the ore is chlorinated in tubs by gas, it must be partially dried

and sieved back into the tub before impregnation can be attempted.^

Organic matter is also oxidised by chlorine, although much more slowly.

At ordinary temperatures, pitch and tar are almost unaffected, and the

fibres of matting, canvas, etc., are acted on very gradually. Pieces of decaying

wood or dried leaves must not be introduced with the water into the leaching

vat, and if surface water is used it should always be carefully strained before

being run in. A rough analysis of the water employed will often be service-

able, as it is frequently strongly alkaline in dry countries, and may be softened

with advantage.

The absorption of chlorine by metallic oxides is the most frequent cause

of waste, and, in the vat process, there are usually no efforts made to prevent

this. Weil roasted sesquioxide of iron (Fe203) is scarcely attacked by chlorine,

especially if the temperature attained in the furnace has been high. If

any magnetic oxide (^6304), however, has been formed from over-heating

or has been originally present in the ore, the absorption of chlorine is con-

siderably greater, ferric chloride being formed and dissolved. Ferrous oxide

is instantly converted into a mixture of chloride and sesquioxide of iron.

Hydrochloric acid acts more rapidly than chlorine on all these oxides,

but is nevertheless very slow in dissolving the well roasted sesquioxide.

Metallic iron, which is sometimes accidentally introduced, is dissolved at

once by both chlorine and HCL The oxides of copper and zinc are quickly

dissolved by chlorine, and still more readily by HCL Lime and magnesia

also readily absorb chlorine, forming hypochlorites, chlorates and chlorides,

but hypochlorites are decomposed by any acid which may be present.

If any appreciable quantity of oxides capable of absorbing chlorine are

present, it is cheaper to dissolve them by adding dilute sulphuric acid to the

ore, and then, if possible, to leach out the soluble sulphates formed, before

subjecting the ore to the action of the gas.

Amount of Chlorine required.
—

^The amount of chlorine required varies

greatly, both with the nature of the ore and the manner in which it is roasted.

In order to roast pyrite dead, a long time in the furnace terminating at a
high temperature is necessary, and the addition of salt may be desirable in

order to chloridise oxides which would otherwise absorb the more expensive
chlorine in the impregnation vat. These conditions in the furnace, however,
may cause enormous losses by volatilisation, the endeavour to save a few
pounds of chlorine in the vat causing the loss of 30 or 40 per cent, of the gold
in the furnace. In ores where the percentage of copper, etc., is not large,

and where, in consequence, salt need not be used in' the furnace, the roasting
may be finished at a high temperature without any disadvantage, and the
consumption of chlorine may be thus reduced to a very low point. Butters
states 2 that at his mill in Kennel, California, where all descriptions of con-
centrate and pyritic ores were treated by the Plattner process, the average
consumption of chlorine was 12 lbs. per 2,000 lbs. of ore.

Leaching the Charge.—^When it is judged that the impregnation has
lasted long enough for all the gold to be dissolved, the excess of chlorine gas
is removed, l^e lid is taken off, and water is added to the charge to wash

y Ore roasted “dead” or “ sweet ” usually contains from 015 to 0*4 per cent, of sulphur
chiefly in the form of sulphates, or locked .up in uncrushed ore. The lower the amount of
‘=”dphiir which is left in the roasted ore the bett*

‘

le amount of chlorine required.
2 Butters, Eng. and Mng. J., Dec. 20, 1890.
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out the soluble chloride of gold. The water may be added from below, but
it is more usual to pom on water at the top, and let it flow out at the bottom.

The water must be added carefully, as otherwise the ore may pack
unevenly, and channels may be formed through the mass, and the leaching

thus rendered imperfect. Water is usually run from a tap on to a layer of

gunny-sacking placed over the ore, or through a coil of lead pipe, pierced

with small holes, underneath the cover. The stopcock below the false bottom
is then opened, and the yellow- or blue-colom*ed solution (colom'ed by salts

of iron, gold, and copper), which should have a strong odom of chlorine, is

run into a settling tub and thence to the precipitation vat. The leaching

is continued as long as any trace of gold can be detected in the issuing liquid,

after filtering, by ferrous sulphate or stannous chloride (see above, p. 65).

When large quantities of copper salts are present in the solution, their strong

bluish tints mask the slight discoloration due to a precipitate of a small

quantity of metallic gold, and, also they appear to interfere with the pre-

cipitation by ferrous sulphate, in some cases at least preventing it from
taking place.

^

The last charges of wash-water are not mixed with the strong solution,

but stored in other vats and used again for the first washings of other charges.

Re-precipitation of dissolved gold in storage vats or impregnation vats is

not to be feared, so long as there is an excess of chlorine present in the liquid,

and this can easily be ensured by adding a small quantity to any solutions

not smelling strongly of the gas.

The amount of water used in leaching is usually about 2 tons of water

to 1 ton of ore, but in most cases part of the water is used again in the next

charge.

Precipitation of the Gold.—The precipitating vat is of the same material

as the leaching tubs, and may be from 5 to 7 feet in diameter and 3 feet deep.

There is no false bottom, and the vat is often made wider at the bottom
than at the top to prevent any adherence of the gold to the sides. The wood
is protected by a coating of pitch or paraffin-paint, or is left without paint

of any kind. The vat receives a smooth finish inside to facilitate perfect

cleaning, and is set perfectly level to avoid loss of gold while the waste liquor

is being drawn off. The precipitating solution of ferrous sulphate, which
is usually prepared at the mill by dissolving iron in sulphuric acid, and con-

tains some free acid, is introduced into the precipitating vat before the gold

solution. The mixture is well stirred with wooden paddles, in order to make
the precipitate settle better.

Precipitation takes place according to the equation

—

2AUCI3 -h 6FeS04 = Aug -h 2PeCl3 -f 2Pe2(S04)3.

The oxidation of the ferrous salt is also effected in other ways, notably by
the excess of free chlorine present in the solution, so that much more sulphate

of iron is required than is indicated by the equation. The difficulty of

collecting and saving the precipitated gold is due to the fine state of division

of the precipitate, wffiich settles slowly and tends to pass through filters.

The gold settles better if it is well stirred, and Aaron recommends an addition

of more sulphuric acid and vigorous stirring, two hours after the precipita-

tion is complete, as a means of assisting the settling. Besides gold, the only

other metals precipitated by ferrous sulphate are those which form insoluble

^ Butters, loc. cit.
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sulphates—viz., lead, calcium, strontium, and barium. The last two of these

are rarely present, and the others are dealt with in the manner described

below. Basic iron salts are not precipitated if enough free sulphuric acid

is present, and when precipitated, they may be removed from the gold by
treatment with acids, or by slagging them o:ff in the fmmace.

If lead or calcium is present, dissolved in the solution, it will be precipitated

as an insoluble sulphate on the addition of the ferrous sulphate, and thus

render the gold-precipitate impure and less easy to treat. The amount of

lead in the solution is usually small, unless hot water has been used for leaching,

and most of the lead chloride is, in any case, separated by the canvas filter.

The usual method of removing the calcium is to add sulphuric acid to the gold

solution, and to let it stand for a few^ hom*s, when calcium sulphate crystal-

lises out, forming a crust on the sides and bottom of the vat. The liquid

is then drawn oh' and transferred to another vat for the precipitation of the

gold.

When precipitation is complete the liquid is allowed to remain at rest

for some time, in order to allow the gold to settle to the bottom. Butters ^

states that forty-eight hours is usually suf&cient, but that sixty hours is

better, and the determination of the extent to which the settling has pro-

gressed may be made by tapping the solution at various heights and filtering

the liquid thus obtained. When a quart of liquid, drawn from a point 2 inches

above the bottom of the vat, gives only a slight dark stain to filter paper,

on being passed through it, the settling may be regarded as complete. C.

-H. Aaron quotes instances ^ where, after forty-eight hours settling, as much
gold remained in suspension in the liquid which was drawn oh as was equi-

valent to 50 cents per ton of the ore treated.

When the waste liquid has been drawn of! by a floating siphon, more
ferrous sulphate and fresh solutions from the leaching vat are poured into the

vat, and the process repeated until enough gold has accumulated at the bottom
to warrant a clean-up. This may take place at intervals of from a fortnight

to three months. The clear liquid is drawn ofl as closely as possible, and the

shme scooped out and filtered through paper, or, by means of a press, through
canvas. The gold precipitate is then dried carefully and fused in graphite

pots, with salt, sand, nitre, borax, etc., as fluxes, according to the require-

ments of the case. If the precipitate contains any considerable amount of

impurities (such as oxides and basic salts of iron), which is usually the case,

it may be -treated with hydrochloric acid before fusion. The bullion pro-

duced varies from 920 to 990 fine, the alloyina; metals consisting chiefly of

iron and lead.

Cost of Working.—The cost of treating concentrate or ore by the Plattner
process depends chiefly on the cost of roasting. In 1867, the total cost in

California was stated by Kustel to be $14*55 per ton, but in 1872 it had been
reduced to $11, the expense of roasting being in each case about two-thirds
of the whole. At the works of the Plymouth Consolidated Mining Company,
California, in 1886,^ the cost of treating 100 tons per month was $9*40 per ton
(the roasting accounting for $4*60 per ton, or nearly one-half), and at the
Providence Mine, in the same State, it was about $6.30, without including
the expenses of general supervision, interest on first cost, and depreciation

of plant.

^ Butters, loc. cit.

2 Aaron, Eighth Report Cal. State Mineralogist, 1888, p. 836.
® Small, Trans. Amer. Inst. Mng. Eng., 1886, 15, 305.
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It was estimated in 1888 ^ that, generally, thi-ougliout California, a plant,

capable of treating 6 tons of concenti*ate daily, cost from $6,000 to $7,000

for its erection, wMle tbe cost of extraction was about $10 per ton, and the

proportion of the gold extracted was from 90 to 92 per cent.

Use of Liquid Chlorine.—^At the Utica Mine, California,^ the concentrate

is roasted in long reverberatory furnaces, allowed to cool, moistened with

sulphuiic acid and water and sieved into wooden vats. Chlorine gas derived

from a drum of liquid chlorine is then introduced into the charge, and after

forty-eight hours the ore is leached in the usual way. The cost of treatment

was $7.80 per ton, when the chlorine was generated from manganese dioxide,

salt and sulphuric acid, and only $6.90 per ton after the introduction of

liquid chlorine. One drum of liquid chlorine weighs 300 lbs., holds 115 lbs.

of chlorine, and takes the place of 972 lbs. of manganese dioxide, 1,080 lbs.

of salt, and 2,160 lbs. of sulphuric acid. The drum is 10 inches in diameter

and 5 feet long, and costs $40 at the Utica Mine. The time of introducing

the gas into a charge is reduced by its use from six or eight hours to twenty

minutes.

The Plattner Process at the Plymouth Consolidated Gold Mining Company,
Amador County, California.^—^The ore contains 11 dwts. of gold, mostly

in the free state. It is crushed in a stamp battery, No. 8 screens (40 mesh)

being used, passed over a length of 20 feet of amalgamated plates (the upper
one of which is copper and the rest silver-plated) and then concentrated

on True vanners. The concentrate amounts to from IJ to 1|- per cent, of

the Aveight of the ore, and contains from 5 to 10 ozs. of gold per ton. It

is treated at the rate of 100 tons per month, being kept damp until charged

into the roasting fmnace, to prevent the formation of lumps. A Fort-

schaufelungsofen ” is used for roasting, 80 feet long by 12 feet wide, its hearth

consisting of a long continuous plane, holding three charges at one time,

which are kept separate. The three stages are called the “ drying,” “ buiming,”

and “ cooking ” stages. In the (middle) burning stage, the bed of ore is kept
thin and occupies double the space-of each of the other charges. The furnace

is worked by three eight-hour shifts of one man each. The charges weigh 2,400

lbs., including 10 per cent, of moisture, and on an average contain 20 per cent,

of sulphm’. Just before the sulphur ceases to flame, | per cent.— ?.e., 18 lbs.

—of salt is added.

The chlorinating vat is 9 feet in diameter and 3 feet deep
;

it holds 4 tons

of ore. The filter-bed is 6 inches deep, and consists of, (a) at the bottom,

wooden strips, | inch wide, placed 1 inch apart
;

(b) above this, 6-inch boards

placed 1 inch apart and laid across the strips
;

(c) coarse lumps of quartz,

diminishing upwards to fine stufi
;
and (d) at the top, a cover of 6-inch

boards placed similarly to the lower layer, but crosswise to them. Chlorine

is introduced on both sides of the vat, which is left luted-up for two days,

and then leached for four or five hours, the tank being kept full of water

dming the operation. A gunny-sack protects the smdace of the ore from
the dnect impact of the water from the hose. The ore in the impregnation

vat contains about 6 per cent, of water (crumbling after it has been sieved),

and is sieved into the vat through a screen of |-inch mesh.

The gold solution is acidulated with sulphuric acid to precipitate the lead,

^ Eighth Report Cal. h'tate Mineralogid, 1888.
^ T, N. Smitli, Eng. and Mng. Apiil 22, 1899, p. 467.
® For a more coiJplete description, see that given in the Eighth Repcn't Cal. State

Mineralogist. 1888, of which the account appended is an abstract.
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and ferrous sulphate is then added to it in another tank, after which it is

allowed to settle for two days before the supernatant liquor is siphoned ofi.

The gold is left to accumulate for fourteen days and the wet gold is then

filtered and fused in graphite pots. The average extraction is from 95 to

96 per cent, of the gold, and 7 dwts. per ton are left in the tailing. All

wood is protected from the action of the acids by paraffin-paint. The cost

of milling is said to be 39 cents per ton of ore, and the cost of concentration,

roasting, and chlorination, $13.40 per ton of concentrate.

The Plattner Process at the Alaska Treadwell Mine.^—The material treated

consists of the sulphides collected by Frue vanners from a stamp battery,

and contains 40 per cent, of sulphm’, mostly pyrite. The gangue is

quartzose, containing from 2 to 5 per' cent, of calcite, which necessitates

the addition of salt in the roasting furnace.

The roasting was first effected in Bruckner cylinders, which were abandoned

owing to the large amount of fuel consumed and the enormous losses by
dusting and volatilisation (which are said to have amounted to 30 per cent,

of the gold). The automatic Spence furnace was then tried and proved to

be useless until it was used as a reverberatory. Six were erected, and the

cost of roasting was reduced by one-half, but the capacity was small (10 tons

per day in six furnaces) and the consumption of fuel great, and a rever-

beratory furnace being erected, was found to be more satisfactory. The
Spence furnaces were accordingly discarded, and 25 tons of concentrate

were roasted per day in five reverberatory furnaces of 13 by 65 feet, inside

measurement, at a cost of $3| per ton. The ore is not roasted quite dead,

owing to the idea that loss of gold b}^ volatilisation would be thereby

diminished.

The roasted ore is spread on the cooling floor, wetted down and sifted

carefully into vats, each of which holds 4| tons, and is then impregnated
with the gas. This operation occupies four hours, after which the vat is left

untouched for thirty hours, fresh gas being forced in a few hours before

leaching. The leaching usually requhes twelve hours. The tailing is

sampled and assayed, and, if found sufficiently poor, is sluiced into the

sea.

The solution is run into collecting tanks and thence to the precipitating

vats, which already contain the necessary amount of ferrous sulphate in

solution. The precipitation is complete when all the solution has been run
in, or when the vat is full. It is then stirred briskly for a few minutes and
left to settle for from eighteen to twenty-four hours, wffien the supernatant
liquor is siphoned off and passed through a large filter. The supernatant
liquor usually contains from 23 to 25 cents of gold per ton of material treated,

and this is all saved in the filter.

The clean-up is made twice a month, the drying and melting of about
750 ozs. of gold being done by one man in one day. The gold is washed into

a small tub, allowed to settle, and the supernatant liquor returned to the
precipitating vat. The gold is dried in an iron pan without filtering, and melted
with a little borax.

Each one of the chlorination vats, holding 4| tons of ore, cost $50, and
lasts for three years without any repairs. The filter in it costs only the
price of a few gunny-sacks, and lasts for six months without any attention.
The ferrous sulphate is prepared on the w^orks from sulphuric acid and scrap-

^ This description applies to the practice in the year 1891.
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iron. In 1890, the cost was at the rate of about $10 per ton,'’the yield in gold

being over $40 per ton. The results for the period June, 1890, to May, 1892,

were as follows :

—

TABLE XXYIIL

Vear.
Tons Yield

Cost per Ton.

Chlorinated. per Ton.

Labour. Supplies. Total.

June, 1890, to May, 1891,

1

0,869 2*02 ozs. $5.03 $3.99 $9.02

June, 1891, to May, 1892, 6,177
1 j

l-o2 „ 4.S0 2.81
1

7.61

The Babrel Process.

Historical.—It was mentioned on p. 300 that Dr. Duflos used a revolving

barrel in some of his experiments at Breslau, in 1848, and obtained results

almost identical with those given by the vat percolation^method. He, there-

fore, preferred the latter as being cheaper. In 1877, Dr. Howell Mears, of

Philadelphia, patented a process which was gradually improved in practice,

after having been adopted by several mines in the United States, and in

particular the improvements introduced by Adolph Thies, in 1881, caused
the name of the Thies process to be applied to the amended method of pro-

cedure. In 1887 the barrel process was applied by Cosmo Newberry and
C. J. T. Yautin to the ore of the Mount Morgan Mine, Queensland, where
it was successfully worked for some time before it was replaced by the vat
solution process. In 1889 and succeeding years the barrel process wsls

developed in the United States, and appeared likely to become of great

importance. It reached its zenith about 1898, and has now been super-

seded by the cyanide process, the last mills at Cripple Creek and Colorado
City having closed down in 1912.

The Mears Process ,—In this process, the roasted ore was charged into

lead-lined iron cydindrical barrels, together with enough water to make an
easily flowing pulp

;
chlorine -was then forced in under pressure through

the hollow trunnion of the barrel, which was revolved until the gold had
been dissolved. The pressure of chlorine was stated to be as much as 40 or

50 lbs. to the square inch. The manhole of the barrel was then opened and
the ore discharged by gravity into a leaching vat below, where the soluble

gold w’as washed out and precipitated by any of the known methods.
The process was formerly in use at the Phoenix and Haile Mines in

Carolina, and at the Bunker Hill Mine, California, but was superseded by
the Thies process.

The Thies Process .—In this process the chlorine gas was generated inside

the barrel itself by means of bleaching powder and sulphuric acid. The
method was simplifled in this way, and a number of leaky joints dispensed

with. Thies found that a moderate pressure of chlorine, of a few pounds
to the square inch, was enough. His barrel held from 2,000 to 2,500 lbs.

of ore.

Practice in Dakota and Colorado.^*^—^Improvements were introduced in

1 Rottwell, Mineral IndmU'y, 1892, i, 233; 1896, 5, 261 ; 1900, 9, 359.
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Western America by J. B. RotliweU and others to enable larger quantities

of ore to be dealt with, and to overcome the mechanical difficulties of leaching.

These were due to the endeavour to leach mixtures of sand and slime, which
are always separated from each other before being treated in the cyanide

process.

The barrels were increased in size and varied from 12 feet long and 6 feet

in diameter, with a capacity of 8 or 9 tons of ore, to 16 feet long and 5|- feet

in diameter, with a capacity of 12 tons. Barrels holding 18 tons were also

in use at Cripple Creek. The shell of the barrel was of f-inch mild steel,

and the ends of cast iron heavily ribbed. They were designed to withstand
a pressure of 100 lbs. per square inch. The lining wns of 24-lb. lead

—

i.e.,

-I
inch in thickness. The barrel was rotated on trunnions or on friction

rollers.

The filter was placed inside the barrel. It consisted of a diaphragm
parallel to the axis of the barrel, and forming (in transverse section) the

chord of an arc of the circle of the barrel. The filter was at first made of

asbestos cloth, resting on a framework consisting of oaken planks, each

11 inches wide and as long as the barrel, and 2 inches thick. The area of the

filter in the 12 J-ton barrel was 4 by 16 feet, or 64 square feet. The planks

were grooved, and the filter-cloth rested on the sharp ridges between the
grooves, the smiace being almost entirely available for filtration. Above
the asbestos cloth w^as placed an open wooden grating, and the whole was
held in place by cross-pieces, the ends of which rested under straps bolted

to the inside of the shell. The cloth lasted for from 15 to 18 charges, or

from 2| to 3 days. In later practice the asbestos cloth was replaced by
4 lbs. sheet-lead, with fine perforations, supported by sheet-lead |-inch thick

with |-inch perforations, and enclosed between wooden gratings. The thin

sheet-lead lasted from 6 to 60 charges. A sand filter has also been used
inside the barrel.

There were two manholes in the shell above the diaphragm for charging
and discharging the ore, and a third opening below^ the diaphragm for the
discharge of the solution and washings.

The barrel is ^ charged by first filling the space under the filter with w^ater,

which at the same time is allowed to pass through the filtering medium,
and wash it

;
then the quantity of water required to make the ore free flowing

(usually from 40 to 60 per cent, of the weight of the ore) is put in above the
filter. The sulphuric acid is then cautiously pomred into the water, through
which it sinks in a mass to the bottom, without mixing with it

;
the ore is

then charged in, as follows :—^The hoppers are furnished with two shoots,
one for each charging-hole. The ore is let fall through these shoots alter-

nately, the hole through- which ore is not being passed serving as an air-

vent. Meanwhile the bleaching powder has been weighed-out and placed
in two small kegs. When the ore has all been introduced into the barrel,
a workman, stationed at each charging-hole, hollows out a space in the surface
of the dry ore with his hands, and, emptying one of the kegs into the barrel,
closes up the charging-hole as quickly as possible. If all these operations
have been conducted rapidly without a hitch, there is no immediate evolution
of chlorine, but, if some time is suflered to elapse after charging-in the ore,
the acid liquid, thoroughly stirred-up and mixed by the fall of the ore into
it, gradually rises through and wets the charge, and the bleaching powder,

^ This description, applies to the practice in Dakota between the years 1890 and 1900.
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failing on ore wiiich. lias been wetted with acid, gives of copious fumes of

oMorine before the cover-plate can be screwed on.

The amounts of bleaching powder and sulphuric acid added depends on
the composition of the roasted ore. There must be a considerable excess of

ohlorine at the end of the treatment. The chlorine required varies from
3 to 10 lbs. per ton of ore. At the Valley Custom Mills, Cripple Creek, 100 to

200 lbs. of bleaching powder (yielding 30 to 33 per cent, of chlorine) and 300
to 400 lbs. of sulphuric acid of 60° B. \vere used in 1905 per barrel charge.^

The equation representing the action of the acid on the bleaching powder
is usually given as follows :

—

CaOClo + H^SO^ = CI2 + CaSO^ -f H^O.

Less chlorine is given of than is shown in the equation, as bleaching powder
usually contains only from 25 to 35 per cent, of “ available chlorine.

The barrel is revolved at the rate of 4 or 5 up to 12 revolutions per minute
for 3, 4, or sometimes 6 horns. The chlorine must be present in excess, and
this is ascertained from time to time by holding a rag wetted with ammonia
solution opposite a small valve w^hich is opened momentarily.

It was generally supposed that the gold would be cleaned by attrition,

and in particular that silver chloride, formed by the action of chlorine, would
be rubbed of the surface of particles of native gold-silver alloys, and clean

surfaces of gold would thus be continually ofered to the attack of the

chlorine.

Hofman and Magnuson,^ however, have shown that there is a limit to

this action, if it exists. They found that with pm:e gold and quartz grains

an excess of chlorine in a rotating bottle dissolved pure gold a httle faster

than gold containing 10 per cent, of silver. The alloy gold 80, silver 20 was
almost as readUy dissolved by a supersatmated solution of chlorine as pure

gold, but the alloy gold 70, silver 30 was acted on much less rapidly. The
solvent power of somewhat weaker solutions was far more seriously interfered

with by the presence of 20 per cent, of silver in the alloy.

After the chlorination is complete the barrel is stopped, so that the filter

assumes a horizontal position
;

the hose is attached to one of the outlet

pipes, and after waiting for a few minutes to allow the pulp to settle, as recom-

mended by Rothwell, the discharge valve is opened and the solution allowed

to run out, the pressure of gas left in the barrel being enough to start the

leaching. A hose is also attached to the inlet pipe, and water is pumped
in under a pressure seldom exceeding 40 lbs. per square inch, the air in the

top part of the barrel being compressed and forming an elastic cushion.

By washing in this manner, no chlorine is allowed to escape into the building,

as it is all absorbed by the water. If necessary the leaching is suspended

at intervals, and the barrel is again revolved for a few minutes, so that its

contents are thoroughly mixed-up together again. In this way the formation

of permanent channels in the ore is prevented, and perfect leaching is ensured.

The wash-water coming from the barrel is tested for gold with sulphuretted

hydrogen. The full charge of ore is said by Bothwell to occupy a depth of

38 inches on the filter in his I2-|-ton barrel, and the average time of leaching

to be 2|- hours. The amount of water required for leaching is about 120 gallons

per ton, besides the 100 gallons per ton contained in the charge.

^ Growland, Non-Ferrom Metals, p. 214.
* Hofman and Magnuson, Tratis. Amer, InsL Mnrjn Eng,, 1904, 35 * 948.
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The tailing is discharged into a car which will hold the whole charge of

ore and water, and is then run out of the building
;

or, if water is abundant,

the tailing is discharged into a sluice, and washed away. In some cases, as

at Cripple Creek, it was concentrated on Wilfley tables, and the concentrate

was sent to a cyanide plant for the further extraction of gold (Gowland),

The filter-cloth is washed clean by a jet of water under pressure directed

successively to all parts of it. This water is discharged by revolving the

barrel.

The solution coming from the barrel, passes first to a tank with a gravel

filter and then to the settling tanks, which are of sufficient capacity to allow

several hours for settling. The clear liquid from these is forced up by air

pressm’e into the precipitating vats.

The gold is precipitated with sulphuretted hydrogen. In Dakota, the

practice prevailed for a time of destroying the free chlorine with sulphurous

acid gas before passing sulphuretted hydrogen, but later, at Cripple Creek,

the use of SOg was given up. The sulphuretted hydrogen, generated by the

action of sulphuric acid on iron matte, is forced into the solution, usually

diluted with air, for stirring purposes and for the expulsion of chlorine. It

destroys the last traces of chlorine and precipitates the gold, thus :

—

HgS -f Ck = 2HCi + S

2AUCI3 + 3H2S = 6HC1 + AU2S3.

Metallic gold and free sulphur are also precipitated.

It is said to take less than an hour at the Golden Eeward Works to pre-

cipitate the gold from 5,000 gallons of solution (resulting from the lixiviation

of from 25 to 50 tons of ore). The liquid is quite cold, but the precipitate

is in a collected, voluminous and flocculent form which settles quickly. It

is left undisturbed for two hours, and the liquid is then drawn off to within

4 inches of the bottom of the vat, and passed through a filter-press, provided

with a set of heavy, canton-flannel filter-cloths. The head of liquid used for

filtering is 25 feet, and the filtration is said to occupy from three to four

hours, according to the amount of sulphides aheady contained in the filter.

When the latter is full, a small air-pump is connected with it and a current

of air passed through it for an hour to dry the mass of sulphides into hard
cakes, which are easily handled and removed. The precipitate is then roasted
in iron trays, which are placed in cast-iron muffles and heated only from the
top, no stirring being necessary, so that the loss from dusting is small. The
filter-cloths are burnt with the precipitate, when they have become either

clogged with sulphides, or untrustworthy owing to the action of the acid

liquors. The precipitate is then melted down with sodium carbonate, borax,

nitre and sand, the total loss in handling being very small. The bullion

is about 900 to 950 fine in gold, the remainder consisting chiefly of silver,

copper, lead and arsenic. The bulk of the precipitate remains at the bottom
of the vat. It is allowed to accumulate for a fortnight, and is then filtered

and treated as above. The slag resulting from the fusion of the gold is

crushed and melted down with litharge, and the reduced lead cupelled

(Rothwell).

It has usually been assumed that all the lead, copper, and silver contained
in the liquids is precipitated with the gold, and that if much copper is

present, the bullion will be very base, and Langguth suggested the removal
of the copper from the precipitate by dilute nitric acid. Rothwell, however,
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has stated ^ that, with careful work in the presence of acid, the gold can be
precipitated, forming a bullion from 820 to 960 fine, whilst the copper, arsenic,

antimony, etc., remain in solution together with barely a trace of gold. If

much base metal is present in the solution, ferrous sulphate is sometimes
used.

The amount of chemicals used in the chlorination and precipitation

departments at the Golden Heward Mill, Dakota, in 1891 is given below :
—

-

TABLE XXIX.

July 1S91, August, iS9i. SEPTE3IBER, 1891.

Lbs. per
Ton of
Ore.

Cost
in

Cents.

Lbs. per
Ton of
Ore.

Cost
in

Cents.

Lbs. per
Ton of
Ore.

Cost
in

Cents.

Sulphuric acid. 26*82 45*6 25*14 44*0 24-77 43*3

Chloride of lime, 11*04 35*8 10*17 33*1 10*09 32*8

Crude sulphur, 1 0*37 M4 0-31 0*9 0*29 1*2

• Iron sulphide, 0*77 4*54 0-79 4*0 0*84 4*2

Total cost, . 87*1 82*05 81*5

1

The total working costs at Cripple Creek in 1900 were given by J. E.

Eothwell as §3.53 per ton.^

Bromine was used at Eapid City, Dokota, in place of chlorine in 1892,

but with poor results, the tailing being rich. The amount of bromine used

seems to have been insufficient.

The Vat-Solution Process.

Practice in Europe.—The process was devised by W. Munktell at Pahlim,

Sweden, where it was worked from 1885 to 1888 on the tailing of copper ore.

The material was leached in vats with dilute solutions of bleaching powder

and hydrochloric acid, which were mixed just before they were run on to

the ore. The method was afterwards used on concentrate in Hungary.

Somewhat similar treatment is followed at Bovisa, in N. Italy, where

about 25 tons per day of pyritic ore, containing 34 per cent, of sulphur,

10 to 12 per cent, of arsenic, and 0*6 to 0*7 oz. of gold per ton, are roasted

dead (the arsenic being recovered) and chlorinated in lead-lined wooden
vats holding 10 tons each. Weak solutions of bleaching powder and sulphuric

acid are allowed to pass slowly through the ore, and the total time of treat-

ment is three days. From 85 to 87 per cent, of the gold is recovered.^

The Permanganate Chlorination Process.—^This process difiers from the

ordinary treatment of ore in vats by chlorine water only in the use of a

difi-erent solution. M. Etard originally proposed a solution containing

1 Rothwell, Mineral Industry, 1896, p. 278. .

2 Rothwell, Eng. and Mng. J., Mar. 25, 1893, p. 269.
^ Rothwell, Mineral Industry, 1900, p. 370.
^ F. Clerici, Eng. and Bing. J., Aug. 29, 1890, p. 201.
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45 lbs. of strong commercial muriatic acid, and 12 ozs. of crystals of per-

manganate of potasb. Professor Black, of Otago University, as an alter-

native suggested 12 lbs. of common salt, 14 lbs. of sulpbmdc acid, and 6 or

7 ozs. of permanganate crystals per 100 gallons of water. These solutions

smell slightly of chlorine, but it is claimed that in the absence of gold or other

material attacked by chlorine, practically no free chlorine is produced. Both

solutions dissolve gold at less than one-tenth the rate of a satmated solution

of chlorine in water (see p. 22).

The method was tested by the treatment of 2,000 tons of pyritic ore

at the Bethanga Mill, Victoria, in 1900.^ It was crushed dry by a ball mill

to 20 mesh and roasted in hand-worked reverberatory furnaces, 40 lbs. of

salt per ton being added a few minutes before withdrawal. Wooden vats,

5 feet deep, holding 17 tons of yoasted ore were used for chlorination. The
solution contained 110 lbs. of commercial sulphuric acid, 90 lbs. of common
salt, and 12 lbs. of potassium permanganate (per 1,000 gallons ?). The average

time of treatment was 140 hours, the tailing being tested by panning, and

finally leached with hot water. The ruby colour of the solution was used

to gauge its solvent strength. The average contents of the roasted ore during

one month were gold 2*313 ozs., silver 1*63 ozs. per ton, and the tailing

contained an average of 0*147 oz. gold per ton, or nearly 3 dwts. This corre-

sponds to an extraction of 93*7 per cent, of gold. According to D. D. Kose-

warne,^ the cost of chlorination, using permanganate, duiing four months
averaged 11s. 5d. per ton, and using chlorine at the same time the average

cost was only 7s. 4d. per ton. On this exhaustive test the permanganate

process was abandoned.

Chlorination at the Mount Morgan Mine, Queensland.^—This w^as the

largest and most important chlorination mill in the world, but the method
of treatment has now been given up. It consists in subjecting the ore in

open vats to the action of a solution of chlorine in water. It was adopted

in 1888 after chlorination in 1-ton barrels had been used for about a year.

The ore from the upper levels consisted of sinter, kaolin, quartz, and
ironstone, with a small percentage of sulphur. The ore from the lower levels

consists of hard quartz, heavily charged with pyrite. The gold in the latter

is believed to be mainly in the form of telluride, and after roasting, ail the

ores contain only finely divided gold. The ores are treated in different

plants by different methods.

At the “ West Works '' plant, a plan of which is shown in Fig. 143, over

100,000 tons of low^-grade ore from the upper levels were treated annually.

The ore is crushed dry in Krmpp ball-mills (see above, p. 279), to pass a
20-mesh screen, roasted in revolving cylindrical furnaces and stored in main
hoppers higher than the vats. The roasting is mainly to dehydrate the ore,

so as to improve the speed of leaching, which is otherwise excessively slow.

A small percentage of sulphur* is also removed. The vats are 60 feet long,

12 feet 6 inches wide, and 5 feet deep, and hold 100 tons of ore. They are

naade of concrete lined with neat cement, which in tmm is covered with
pitch and tar applied hot. There are sixteen of these vats. The filter bed

^ “ The Permatiganate Chlorination Process at Bethanga,” by E. Harris. Inst. 3In(j,
and Met., report of meeting on Dec. 15, 1904.

* Rosewarne, Inst. 3In(/. and Met, report of meeting on Dec. 15, 1904, p. 25.
3 See E. W. ISTardin, Proc^Inst Civil Eng., 1900, 142, 297-307; and Austmlian Mining

and Metallurgy, by Donald Clark, pp, 265-294. Pigs. 143-146 are reproduced by kind per-
mission of the Institution of Civil Engineers.
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is 20 inches thick, consisting of 16 inches of sand and gravel resting on per-

forated planks supported by wooden bearers. The vat has a fall of 3 inches-

from one end to the other for draining off the solution. The depth of the bed
of ore is little more than 3 feet. The ore is tipped in from trucks and roughly

levelled.

The chlorine is generated in ordinary flagstone stills from sulphuric-

acid, manganese dioxide and common salt. The acid is made on the spot-

from imported sulphur. The manganese and salt are crushed and thoroughly

mixed before charging into the still. The chlorine gas is passed into scrubbing

towers (see Tig. IM), each 2 feet 3 inches in diameter and 20 feet high, filled

with glass bottles and old assay crucibles, always kept wet by trickling

water. The solution of chlorine contains about 600 grains of chlorine to the^

cubic foot, or 0-14 per cent, of chlorine. The weight of chlorine used is about

2^ lbs. per ton of ore, which corresponds to about 30 cubic feet of solution.

Scale, 1 inch = 40 feet.

Fig. 143.—^Plan of Chlorination Plant, Mount Morgan.

per ton. The solution is stored in solution tanks (see Fig. 145), closed

chambers with concrete domes, whence it flows through a 6-inch earthen-

ware main to the vats. There are four stills, fom’ towers, and four solution,

tanks, the latter having a capacity of about 950 cubic feet each.

The solution is allowed to run on the charge, from 6-inch earthenware

mains (see Fig. 146), until the vat is full, when the valve below the false

bottom is opened and the vacuum of about 5 lbs. per square inch in the

pump main di'aws the liquor thi'ough. Fresh solution is run on to keep the

ore covered, and this is continued until the gold is dissolved, which appears

to take about thirty-six hours. During the first few hours all the chlorine

is absorbed by the ore which becomes hot, doubtless from the attack on
ferrous and basic salts as well as sulphides left in the ore. after roasting. After



318 THE METALLURGY OF GOLD,

about fifteen hours, the liquor issuing from the vat is found to contain gold,

which gradually increases in amount.

IWhen the liquor gives a good black precipitate with ferrous sulphate,

and smells strongly of chlorine gas, it is assumed that all the gold is dissolved,

and the vat is then said to be “ chlorinated,” and wash-water is turned on

and passed through the ore until no gold can be detected in it by means of

ferrous sulphate. The ore is then discharged by means of shovelling into

trucks, though it is intended to replace this by a steam dredge. The solution

of gold is passed through charcoal filters as described below.

"At the “Top Works/’ the ore treated is hard compact quartz heavily

charged with iron pyrite
;

it contains an average

of 4 ozs. gold per ton and 11 per cent, sulphur,

which after roasting is reduced to 0T5 per cent.

The ore is roasted in a Richards’ shaft furnace

(see p, 294) at a cost of about 5s. per ton. The
amount of solution required is larger than that at

Fig. 145.—Chlorine Solution Tanks,
Mount Morgan.

T..
SAN!) A. C'lAVlil.

CONC.KI. : L

Scale, I inch — 1 foot.

Fig, 144.—Scrubbing Towers,
Mount Morgan.

COLS Liq-JCR MAIN

Scale, inch = 1 foot.

Fig, 146.—Solution Mains and Filter Beds,

Mount Morgan.

the West Works, but the time of treatment is about the same, as the ore is

more porous and the washing rapid.

Precvpiiation .—The gold is precipitated by charcoal. In 1801, Henry
referred to the reducing action of charcoal on chloride of gold in solution,

and observed that the gold will be precipitated on the charcoal, if the solution

is either exposed to the direct light of the sun or heated to 212° In 1869^

^ Wm. Henry, An Epitonu of Ghemistnj (London, 1801), p. 95.
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in Percy’s laboratory, some sticks of wood-charcoal were immersed in water,

and 32*50 grains of gold in the form of chloride were added on August 7.

Eighty-five more grains of gold, in the form of chloride, were added on
November 3, 1869, and the bottle was left to stand. This bottle is in the

Percy collection, at South Kensington, and the smlace of the charcoal is

now coated over with metallic gold, which shows on its surface the fibres

and vessels of the stem.

Vegetable charcoal was adopted as a precipitant at the Mount Morgan
Mine, Queensland, in 1887. The method adopted there is as follows :

—

The solution is heated, the free chlorine being thus expelled
; the liquid is

then made to run slowly through large shallow tanks, each 10 feet by 11 feet

and 4 feet 6 inches deep (see Pig. 147).^ They are built of brick on a concrete

foundation, and lined with Portland cement and tar. The layer of charcoal

in them is 2 feet deep, rests on a filter-bottom, and is covered with thick per-

forated sheets of lead. The liquor flows downwards through three charcoal

filters in succession, 660 cubic feet of charcoal being sufiicient for the treat-

ment of the liquor from about 100 tons per day of 11 dwts. ore. In preparing

the charcoal for the filters,^ it is crushed, and all that passes a 20-mesh and
remains on a 30-mesh screen is called “ coarse,” whilst that which passes

the 30-mesh and remains on a 40-mesh screen is called ‘‘ fine.” All that

passes 40-mesh is thrown away. Two cubic feet of fine are used to 1 cubic

Fig. 147.—Precipitation Vats, Mount Morgan.

foot of coarse, the coarse being at the top and bottom. The charcoal is well

rammed in with the foot, especially round the walls. Eor seven months
the liquor running away from these filters assayed in one mill 0*76 grain
gold per ton, and in the other 1*89 gTains per ton. After passing the charcoal,

ail liquors are run through a concrete tank with a bed of sawdust 1 foot

thick and more gold caught in this way. When the charcoal is coated suffi-

ciently with gold, it is burnt in small furnaces furnished with dust chambers.
The ashes w'ere formerly amalgamated, and the rich slimes sold to the smelters.

Afterwards the ashes were fluxed in crucibles and eventually in a small
reverberatory furnace, the fluxes used being soda ash and borax, which were
mixed with the ashes and then moistened with water. D. Clark states that

the charcoal ash contains from 20 to 40 per cent, of gold.^ The slag con-

tained from 20 to 30 ozs. per ton. Animal charcoal cannot be used owing
to the difficulty of burning it afterwards.

^ Nardin, Proc, Inst. Civil Eng., 1900, 142, 302. Fig. 147 is reproduced by kind per-
mission of the Institution of Civil Engineers.

2 Eng. and Mng, J., Dec. 17, 1898, p. 724,
® Clark, Australian Mining and Metallurgy, j)* 292.
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The exact action of the charcoal has not been fully demonstrated. It

acts slowly on cold solutions, and its action is not rapid even at boiling point.

It is under the disadvantage that it does not destroy free chlorine, which

must therefore be expelled by boiling or by passing a current of air through

the liquid before the precipitation of the gold is begun. W. M. Davis states

that 240 parts of charcoal are required for the precipitation of 19| parts

of gold. The prevailing opinion is that the hydrogen and hydrocarbons

remaining in the charcoal are the active agents in the precipitation, hydro-

chloric acid and free gold being formed.

The following are the chief items in connection with the chlorination

at Mount Morgan during May, 1898 :
—

^

TABLE XXX.

AVest W^orks. Top AYorks.

Tons chlorinated, 9,852 1,534
Average assay of ore, .... 11 dwts. 13 grs. 4 ozs, 4 dwts. 10 grs.

„ „ residue. 22 grs. 4 dwts. 6 grs.

,, extraction, .... 92*06 per cent. 95 per cent.

„ time under “ solution,” 33 hours. 64 hours.

,, of washing, 35 „ 6 „
,, weight of chlorine per ton of ore,

Cost per lb. of chlorine,

2*51 lbs. 11-47 lbs.

5*85d. 5-53d.
Weight of chlorine per cubic foot of “ solu-

tion,”

Total cost per ton of ore for chlorinating

620 grains. 599 grains.

and precipitating, .... 4s. 4-58d.

1 Nardin, op* ciL, pp. 304, 305.
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CHAPTER XV.

THE CYANIDE PROCESS. CHEMICAL REACTIONS.

Introduction.—Tlie cyanide process will always be indissolubly connected
with the names of its discoyerers, J. S. MaciG:thur and the Forrests. The
solvent action of potassium cyanide on metallic gold and silver has long

been known, as is pointed out below, p. 323, but it was believed that

the use of an electric cmTent in conjunction was needed to quicken the action,

which was otherwise too slow to be of any practical value. Until the sur-

prising results of the MacArthur-Forrest process, as it was called for some
years, were made public, metallurgists were all disposed to condemn the use

of cyanide as a solvent for gold in ores as being chimerical, on account of the

instability of potassium cyanide and the slowness of its action on gold, com-
bined with its high cost and poisonous character.

The first attempt at the direct extraction of gold by the use of cyanide

was made by J. H. Eae, who took out a patent in the United States in 1867
for a process dependent on the removal of gold and silver from their ores

by the combined action of a “ current of electricity and of suitable solvents

or chemicals,” such, for instance, as cyanide of potassium, the gold being

simultaneously precipitated on copper plates by the electric cmTent.

In 1885, J. W. Simpson, of New Jersey, proposed to treat ores containing

gold, silver, and copper with a solution containing 3*0 per cent, of potassium
cyanide and 0*19 per cent, of ammonium carbonate. Copper was to be
dissolved at the same time as the gold

;
if silver was present also, an addition

of common salt was made. The inventor appears to have believed that,

by using carbonate of ammonia, the necessity was obviated of employing
an electric cmrent, in conjunction with cyanide of potassium, in order to

dissolve the gold. The precipitation of gold was efiected by a piece or

plate of zinc.” The process was not tried on a large scale.

In 1886, however, a series of experiments on wet processes of treating

gold ores was begun by J. S. MacArthur and R. W. and Wm. Forrest in

Glasgow,^ and it was entirely owing to their energy and skill that cyanide

of potassium was successfully apphed in practice to the treatment of gold

ores. Their process consists essentially in attacking gold and silver ores with

dilute solutions containing less than 1 per cent, of KCy, caustic soda or lime

being added to ores rendered acid by the oxidation of pyrite, and then in

precipitating the precious metals by zinc shavings. This process was intro-

duced at Karangahake, New Zealand, in 1889, and near Johannesburg, in the

Transvaal, in 1890, and has now passed into use in all parts of the world.

Its success is complete on many ores, and its extension has become very

great, partly at the expense of the chlorination process, and partly in treating

the tailing of ore which has been crushed and amalgamated. Such taiHng was

^ MacArthur and R. W. andWm . Forrest, JSnfflish Patent^ 14,174, Oct. 19, 1887 ; 10,223 of

21
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formerly run to waste after concentration. In a large number of cases, ores

whicli were formerly regarded as too poor to treat at a profit by any known
process, are treated by cyanide with or without previous amalgamation.

The chief advantage of the cyanide process over the chlorination process is

that roasting is not necessary, even if sulphides are present
;

this is a most
important point in the treatment of low-grade ores, especially in places where

fuel and labour are costly. Moreover, silver as well as gold is extracted by
cyanide solutions, and the process has been extensively applied to the treat-

ment of silver ores, superseding the patio, pan-amalgamation and thiosulphate

processes. If tellurides are present, ordinary cyanide is inefficient, and the

ores must either be roasted or treated with bromo-cyanogen.

Messrs. MacArthur and Forrest, in the comse of their investigation on

wet methods, became dissatisfied with chlorine as a solvent, owing to its

energetic and preferential action on sulphides of base metals and other

bodies, and its inapplicability to ores containing silver. They desired to find

a solvent which would exercise a selective action in favour of the precious

metals, instead of other substances. With this object in view, they experi-

mented with a number of solvents (such as ferric bromide, ferric chloride,

etc.), and finally decided that potassium cyanide possessed advantages over

all other substances. They showed that it was essential to use very dilute

solutions, which do not energetically attack pyrite and many other base

minerals, but readily dissolve gold and silver. Certain compounds, especially

those of copper, destroy cyanide and interfere with extraction. These com-
pounds are called “ cyanicides.’’

“ The potassium cyanide supphed to the gold mines in the early days

of the gold-extracting process was a black mass containing some 75 per cent,

of KCN and all the iron and carbon liberated by the decomposition of the

ferrocyanide. This was replaced by the pure white crystalline product of

the Erlenmeyer process, which contained about 2 molecules of KCN to

1 molecule of NaCN, the cyanogen content being equivalent to 98 to 100 per

cent, of KCJST. Shortly after the introduction of the Castner process in 1900,

solid cakes of pure white crystalline sodium cyanide containing 97 to 98 per

cent, of NaCN (equivalent to 129 to 130 per cent, of KCN), became an article

of commerce, and this is at present the form in which the greater part of

the cyanide employed in gold-extracting is used.'’" ^ fSodium cyanide has been
objected to in some cyanide mills.^

The process was originally applied to the residue after amalgamation
of gold ore, but is now in many cases used for the direct treatment of ore,

especially in America, as described in Chap. XVII, Much attention was
devoted to the study of the chemical side of cyaniding in the early days,

but of late years the sum of knowledge of the chemistry involved has increased
less rapidly. “ The physical and mechanical side of cyanidation has been
in a state of continuous development since the first introduction of the
process. ... The field of cyanidation has been and is constantly widening
through its encroachment upon amalgamation, concentration and smelting.” ®

It is desirable to understand the chemical foundations of the cyanide
process before considering the details of practice, and accordingly a study
of the chief chemical reactions involved is appended here.

1 Ewan, Thorp Diet, of Applied Chemistry, 1912, vol. ii., p. 182.
* Magenau, Eng. and Mng. J., Ang. 25, 1906, p. 863.
® MacEarren, Cyanide Praetioe, p. 6.



CHEMISTBY OF THE CYANIDE PROCESS. 323

Action of Potassium Cyanide^ on Goid and Silver*—Dr. Wright, of

Birmingham, discovered in 1840 that metallic gold is soluble in potassium

cyanide, when a current of electricity is passing, and Elkington's patent,

taken out in the same year, was partly based on this discovery. Bagration,

in 1843,- studied the action of cyanides on plates of goid in the absence of

a cmTent of electricity, and announced that they were slowly dissolved.

Faraday, in 1857,^ pointed out that gold-leaf is dissolved by a dilute solution

of the salt, and also showed that if the gold floats on the surface of the liquid,

so that the side of the leaf is in contact with the air, while the other is bathed

by the solvent, the action is much more rapid than if the metal is completely

submerged. Eisner had previously, in 1846, fmnished some evidence ^ that

the presence of oxygen is required for the solution of the goid.

On evaporating the solution, colom-less octahedi'al crystals of auro-

potassium cyanide, ILAuCyg, are formed, which may be viewed as being

a double cyanide, produced as follows :

—

4Au + 8KCy -f 0^ -I- 2H2O = 4KAuCy2 -f 4KOH.

The equation for the solution of silver is similar.

W. A. Dixon found, in 1877,^ that althoug'h cyanide by itself was slow

in dissolving gold, its action was hastened by the addition of alkaline oxidising

agents. He also mentions calcium hypochlorite, potassium ferrocyanide and
manganese dioxide as hastening this action.

According to the equation given above, 130 parts by weight of KCy in

the presence of 8 parts of oxygen suffice for the solution of 197 parts of gold.

This has been proved by J. 8. Maclamrin ® to be the case in all carefully

conducted experiments. The amount of oxygen dissolved in liquids not

specially prepared, to say nothing of that contained in a porous mass of

pulverised ore, is consequently enough for the solution of great quantities

of gold.

According to G. Bodlander,'^ the chemical action in the dissolution of

the gold is as follows :

—

2Au + 4KCy + 2H2O H- Og = 2KAuCy2 + 2KOH -f

and subsequently

4KCy -f H2O2 4- 2Au = 2KAuCy2 -I- 2K0H.

Bettel suggests the following in place of this :
—

^

(1) 6KGy + 2Au + 0^ + 2H2O = KAuCy^ 4 KAuCy^ 4 4KOH
(2) ElAuCy^ 4 2Au 4 2KCy = 3KAuCy2.

Evidence has been adduced that a substance is formed reacting like

H2O2, but it does not follow that the actions represented by the equations

^ In general, when potassium cyanide is named, it may be taken to include sodium
cyanide and mixtures of the two salts. Also in the equations given in this chapter, Iv and
Na are interchangeable, except from the point of view of ionic dissociation.

2 Bagration, BulL Acad. Set. St. Fetersboujyj, 1843, 2, 136.
3 Faraday, Proo. Roy. Inst., 1857, 2, 308.
4 Eisner, J. prakt. Cheni., 1846, 37, 441-446.
5 Dixon, Pj'oc. Roy. Soc. of WJi.W., Aug. 1, 1877; Ckem. Neios, Dec. 20, 1878, p. 203.
® Maclaurin, J, Cheni. Soc., 1893, 6A 724.
’ Bodlander, Zeitsch. ang&w. Ghem,, 1896, p. 583; see also J. Chem. Met. and Mng,

Soc. of S. Africa, 1903, 4, 27

A

8 Bettel, South Afi'ican Mining Jourmtl, May 8, 1897.
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given by Bodlander and Bettel are not limited to an insignificant part of the

whole mass.

It is clear that oxygen or some other substance acting similarly is necessary

to assist cyanide of potassium in dissolving gold. “ The decomposition of

the potassium cyanide is facilitated by the affinity of the potassium for the

free oxygen present, so that nascent cyanogen is liberated to combine with

the metallic gold ’’ (Caldecott). It has, however, been frequently pointed

out that in the interior of a mass of ore undergoing treatment the conditions

are not favourable for the maintenance of a sufficient quantity of oxygen

in a free state. Certain constituents of the ore tend to unite with it, and

further absorption of free oxygen from the air is extremely slow. Hence
the time required for the treatment of a charge is many hom’s, or even days,

although under favourable conditions the gold could be dissolved in a few

minutes, or at most in two or three hours. To supply the oxygen, various

oxidising substances have been tried, such as the passage of a current of air

through the solution, and the addition of various materials. The charges

are also sometimes drained and turned over or transferred to other vats,

in order to aerate the damp ore. In cyanide solution oxygen is dissolved

to the extent of about one-fifth of an ounce per ton.^

Bettel ^ found that gold dissolves in the absence of oxygen if the crushed

ore contains basic ferric sulphate, by which potassium ferricyanide is formed,

the reactions being expressed thus

—

(
1

) ^62(804)3 + 12KCy = 3K2SO4 + KeBe,Cy42

(2) ^6.2(804)3 + 6KCy + 6E,0 = Fe^CHOg + 3K2SO4 + 6HCy.

Bettel and Marais also found in 1894 that gold leaf would not dissolve

in a solution of potassium cyanide from which the air had been expelled by
the passage of a current of hydrogen, and that the addition, under these

circumstances, of either potassium dichromate, cffiomate, chlorate, per-

chlorate, nitrate, or nitrite or of ferric hydrate or bleaching powder, did not

enable the gold to dissolve. The addition of pyrolusite gave a doubtful

result, and lead dioxide caused very slow dissolution of the gold. On the

other hand, gold dissolved slowly if chlorine, iodine dissolved in potassium
iodide, or ferric chloride were added

;
rapidly, if bromine were added

;
and

decidedly, if potassium!erricyanide or permanganate, sodium dioxide, hydro-
gen peroxide or barium dioxide were added. Michailenko and Meshtscherjakofi^

confirmed most of these conclusions, and found that sodium dioxide exercised

its maximum influence at a concentration of 0*02 of an equivalent (or about
0-2 per cent.). Morris Green ^ finds that potassium permanganate as such
does not aid dissolution. It is clear, therefore, that certain oxidisers are

ineffective, and in practice, when air is not used, potassium permanganate,
sodium dioxide, bromine (8ulman-Teed process), and umber (Adair process) ^

have been mainly employed to assist in the dissolution of the gold. In general,

artificial oxidation is not resorted to unless there is some reducing agent
present in the ore or the water which absorbs the oxygen. The oxidising

substances generally act as ‘‘ cyanicides,” destroying some of the solvent.

^ A. F. Cross, J. CJiem. Met. and Mng, Soc. of >S. Africa, 1898, 2, 402.
2 Bettel, S. African Mug. J., loo. cit.

® Michailenko and Meshtscherjakoff, J. Russ. Rhys. Chem. Soc., 44, 567 : Mng. and Sci.
Rress, Oct. 19, 1912, p. 500.

^ Green, J. Chem. Met. and Mng. Soc. of S. Africa, 1913, 13, 355.
® Adair, J. Chem. Met. and Mng. Soc. of S. A.frica, 1908, 8, 331.
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The effect of adding to a ppitic ore the necessary amount of powerful

oxidisers is really the formation of active absorbents of oxygen ” (Caldecott),

so that they defeat their own object. It was formerly supposed that any
oxygen coming in contact with the solution would be at once taken up by
the cyanide, forming cj^anates, but it is now well known that oxygen and
cyanide remain side by side without rapid union between them taking place.

Cyanates are without action on metallic gold.

When bromine is used, it is in the form of cyanogen bromide (bromo-

cyanogen, bromocyanide), as proposed by H. L. Sulman/ and used in the

Diehl process, see p. 394. When this substance is added to cyanide solu-

tions, the presence of oxygen is not required, and the rate of dissolution is

markedly increased. The cyanogen bromide is set free as follows :

—

2KBr -f KBr03 + 3KCy + SHaSO, = 3BrCy -f aK^SO^ +

A mixture of the bromide and bromate salts in the proper proportions is

manufactured and sold. When required for use the bromocyanogen is made
by agitation of the mixtui'e with cyanide and sulphuric acid in a closed

vessel. Its action in the treatment vat is supposed to be as follows :

—

BrCy + 3KCy + 2Au = 2KAuCy2 4- KBr.

Cyanogen chloride and iodide behave similarly, but are very unstable. Bor
the effect on telliuides, see p. 394.

The addition of a small quantity of potassium merciuic cyanide,

HgCy2 .2KCy to ordinary cyanide solutions to accelerate their action has

also been proposed by J. S. MacArthur and by N. S. Keith.^

From the fact that mercury is electro-negative to gold in cyanide solutions,

Skey in 1876 ^ concluded that metallic gold in contact with a solution of

mexcury cyanide would rapidly dissolve and mercury be reduced. He found
this to be the case alike with gold and silver, which dissolved with almost

equal readiness. The mercmy is precipitated on the smfface of the particles

of gold and forms amalgam, the equation being probably

—

KgHgCy^ -4 2Aii — 2EhluCy2 4 Hg.

The accelerating action in practice is, however, inappreciable. Mercury
dissolves in excess of cyanide, but less readily than gold

;
thus, according

to Julian and Smart ^

—

Hg + 4KCy 4 2H2O = HgGy2.2KCy 4 2K0H 4 Hg.

It has been suggested by Christy,® and Julian and Smart, ^ that the dis-

solution of gold and other metals in cyanide depends primarily on the electro-

motive force exerted. H. F. Julian ® attached great weight to the formation

of local voltaic circuits.

^ Sulman, Trans. Inst. Mng, and Met., 1895, 3» 202.
2 E. W. Nardiu, Tracis. Australasian Inst. Mjig. Eng., 1907, 12 ;

Mng. and Sci. Press,

Oct. 24, 1908, p. 562.
3 Keith, Engineering, 1895, 59* 379.
^ Skey, Trans. New Zealand Inst., 1876, 8, 334.
5 Julian and Smart, Cyaniding Gold and Silver Ores (1904), p. 107.

® Christy, “The E.M.F. of Metals in Cyanide Solutions,” Trans. Amer. Inst. Mng.
Eng., 1900, 30, 864.

’ Julian and Smart, op. cit, pp. 62-94.
8 Julian, Report Brit. Assoc., 1905, p. 369.
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Cluisty contends ^ that the rate of dissolution of gold in cyanide depends

on two factors, the electromotive force of gold in cyanide solutions, and the

number of hydroxyl ions in the solution. Michailenko,^ however, denies

the latter contention, and states that OH ions do not accelerate the velocity

of solution, but that an excess of them has a retarding influence. The E.M.F.

of gold continually rises as the solutions become stronger, but is never large

enough to enable gold to dissolve in the absence of oxygen. In pure water

the E.M.F. of gold is — 0*72 volt
;
in solutions containing about 0-043 per

cent. KCy the E.M.E. becomes zero, and it then rises somewhat rapidly

to + 0-42 volt in a solution of 6-5 per cent. KCy, and thereafter more slowly to

0*468 volt in a solution containing 41*7 per cent. KCy. It follows from Nernst’s

theory of solution pressiue that solutions of gold in cyanide free from dissolved

oxygen would remain undecomposed if they contained more than 0-043 per

cent. KCy, but that gold would tend to precipitate spontaneously in the

absence of oxygen in solutions containing less than 0*043 per cent. KCy.
This requii'es experimental proof. The author, in conjunction with L. L.

Eermor, made a series of experiments in 1903, in the attempt to decide the

matter, but obtained no evidence of spontaneous precipitation in cyanide

solutions of any strength. On the contrary, when metallic gold was present

a little of it always dissolved, although the amount was excessively small

in the absence of oxygen, amounting to about one-tenth of that observed by
Maclaurin (see below). It appeared probable, therefore, that in these ex-

periments the exclusion of free oxygen was not quite perfect, in spite of the

addition of pyrogallol and other deoxidisers, among other precautions.

The presence of dissolved oxygen completely alters these results, and by
direct experiments Christy found that solutions containing no more than

0*00065 per cent. KCy did not dissolve gold, and that for all practical purposes

the cyanide of potassium solution ceases to act when its strength falls below
0*001 per cent. Above that strength, however, the solubility of gold increases

rapidly when b'ee oxygen is present.

J. S. Maclaiuin found ^ that the rate of dissolution of pure gold, in the

form of plates, in potassium cyanide solution passes through a maximum
when proceeding from dilute to concentrated solutions. The maximum is

reached when the solution contains 0*25 per cent, of KCy. The solubility

of gold is very slight in solutions containing less than 0*005 per cent., but
increases rapidly as the strength rises to 0*01 per cent., when the rate of dis-

solution is ten times as great as in the 0*005 per cent, solution, and about
half as great as that in the 0*25 per cent. The rate increases slowly as the

strength rises to 0*25 per cent., and thereafter decreases much more slowly,

until in 15 per cent, solutions the rate of dissolution is about equal to that

in 0*01 per cent, solutions. Higher strengths show a gradual diminution
in the rate of dissolution up to satoation point. Silver is also dissolved

at a maximum rate in solutions containing 0*25 per cent, of cyanide, and the
changes in the rate are similar to those noted above in the case of gold, the
rates for silver being always about two-thirds of the corresponding rates

for gold, or, roughly, in the same ratio as the atomic weights of the two
metals. In both cases there is hardly any change in the rate of solubility

as the strength rises from 0*1 to 0*25 per cent. It is remarkable that the
solubility of oxygen in cyanide solutions continually decreases as the

^ Christy, Joe. cit. 2 Michailenko and MeshtscherjakofP, loc. cit.
3 Maclaurin, J. CJiem. >S'oc., 1893, 63, 724 ; 1895, 67, 199.
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concentration increases, and it is to this fact that Maclaurin is disposed to

attribute the variations in the rate of dissolution of the gold.

Bagration ^ states that the solution of metallic gold in cyanide of potas-

sium is facilitated by a rising temperature. Little attention was paid to this

point in the early days of the cyanide process, but in 1899 Loewy stated ^

that experiments at the May Consolidated Gold Mine in 1893 yielded 10 to

14 per cent, higher extraction when heat was applied. The ore treated was
ppitic containing 50 to 60 per cent, of its gold in the free state, which was
more afiected by the heating of the solutions than the gold in the pyrite.

Loewy considered that solutions should be heated to above 35® C. G. A.

Barling in the discussion^ pointed out that in the six ‘"cold” months of the

year in the Transvaal, from April to September, the average extraction diuing

seven years, between 1891 and 1898, at the Robinson Gold Mine was 69-5 per

cent., and in the “ hot months,'’ October to March, the extraction was 72*2

per cent. Von Gernet at the same time stated ^ that at the Worcester Cyanide

Works during September, 1898, exhaust steam was passed through pipes

to heat the solution, and that the residues had contained only 8 grains per

ton, although no comparative figm’es were available. On the other hand,

it has been pointed out that in the/' hot months ” in South Africa there is

more rainfall and the organic matter in the water is reduced, and the extraction

might be improved from that cause, since the presence of organic matter

reduces the free oxygen in the solutions. For present practice in the Trans-

vaal, see p. 407.

An improvement in extraction of about SI per ton on Tonopah ore, due
to raising the temperature of the solution from 60"^ F. to 90° F., at a cost

of 16 cents, is recorded by A. H. Jones,^ and further details are given by
von Bernewitz.® The increase in the consumption of cyanide if any is not

given. In practice, the solutions are rarely heated. It is generally believed

that an increase of temperature is accompanied by an increase in the con-

sumption of cyanide, but exact data are lacking.

A. F. Crosse has shown that gold is also dissolved in HCy (or acidulated

KCy solution) in the presence of oxygen. In this case auricyanides are

formed instead of the usual aurocyanide.

Dissolution of Base Metals.—The dissolution of merciuy has already

been mentioned on p. 325. Iron dissolves slowdy in cyanide solutions,

but is much less soluble than gold or silver.*^ The equation is probably as

follows :

—

Fe + 6KCy + H^O -f 0 = K.FeCye -h 2KOH.

Dr. Gore has shown that the rate of solution of gold is increased by 50 per

cent, if it is placed in contact with iron, and that it is then five times more
soluble than the iron.

Zinc and copper dissolve readily in cyanide solution without the presence

of free oxygen but with evolution of hydrogen, thus

—

2Cu + 4KCy + 2IL^O = KgOuaCy, -f 2KOH + H.>

Zn + 4KCy + = K^ZnCy, -b 2KOH +

^ Bagration, J. prakt. Ohem., 1844, 46, 367.
2 Loewy, J. Chem. Met. and Mng. Soc, of S. Africa, 1898, 2, 390.

® Darling, J. Ghem. Met. and Mng. Soc. of S. Africa, 1898, 2, 458.
^ Von Gernet, loc. cit.

^ Jones, M'7ig. and Sci. Press, Jan. 27, 1912, p. 176.
® Von Bernewitz, ihid., Dec. 28, 1912, p. 828.
^ Julian and Smart, Cyaniding Gold Silver Ores, p. 103.
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Lead and tellurium dissolve very slowly, and aluminium apparently not

at all, but the latter is readily soluble in alkali; arsenic (according to

Julian), platinum, and carbon do not dissolve in cyanide. Telluiuum

dissolves in alkali in presence of oxygen.

Owing to the use of tbe cyanide process, and owing also to the practice

(now generally condemned) of using potassium cyanide to clean tbe amal-

gamated plates, there is some danger of gold being dissolved in tbe stamp

mill and lost. Care is taken (when water is used over again in stamp mills)

that tbe water is not contaminated by mixture with waste cyanide solutions.

Von Gernet found that tbe water in tbe dams on tbe Witwatersrand con-

tained gold in amounts varying from traces up to 12 grains per ton.^

Crusbing in cyanide solution is discussed subsequently .

Action of Cyanide on Tellurides of Gold.—Cyanide solutions act very

slowly on tellurides of gold, but dissolve both elements, although it is possible

that tellurium is attacked only by tbe free alkali in tbe solution. Tbe following

is a description of an experiment made by tbe author on fused gold tellmide,

AuTe2 :—Gold and tellurium were fused together in the correct proportions,

and tbe result, a blackisb-grey substance, found to contain 45 per cent, of

gold. It was crushed through a 160-mesb sieve and afterwards separated

into two parts, coarse and fine, by elutriation. Each sample was treated on

an asbestos filter with a solution maintained at a strength of 0*4 per cent.

KCy, continually drawn through tbe filter and aerated before it was returned.

Tbe results were as follows :

—

A. Fine Sample .—Time of treatment, 327 hours.

Before Treatment. After Treatment. Loss.

Grammes. Grammes. Grammes.

Au, 0-888 0-008 0-880 or 99-1 per cent.

Te, 1-086 0-552 0-534 or 49-2 per cent.

1-974 0-560 1-414

B. Coarse Sample .—Time of treatment, 1,120 hours.

Before Treatment. After Treatment. Loss.

Grammes. Grammes. Grammes.
Au, 1-129 0-004 1-125 or 99-7 per cent.

Te, 1-379 0-457 0-922 or 66-8 per cent.

2-508 0-461
!

2-047

It is evident that tbe gold and tellurium in a fused mixture are both
soluble, and native tellurides probably behave similarly, some specimens
at least dissolving more readily than fused mixtures.

^ Yon Gernet, J. Chem. Met. andMng. Soo. ofS, Africa^ Jan. 1899, p. 3.
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“ It is evident that there is a wide difference in the solubility of the gold

in different telluride minerals, and even in the same minerals from different

localities. Thus in Western Australia, where the gold is in a sulpho-telluride,

the ore can be dealt with by fine grinding and long treatment, whereas the

same treatment applied to certain Mexican and United States tellmides

extracts little or no gold.'’ ^

In a cyanide solution from the Goldfield Consolidated Mill, von Schultz

and Low found 0*00008 per cent, of telluiium and 0*0006 per cent, of gold.^

The rate of dissolution is gi*eatly increased by the addition of cyanogen
bromide, by which it is made possible to treat telluride ores with cyanide

without previous roasting (see Diehl process, p. 394).

Action of Cyanide on Compounds of Silver.—^A number of experiments

made by Louis Janin, Jun.,^ on various salts of silver point to the following

conclusions :—Silver chloride is readily soluble in cyanide, and the arsenate

is also rapidly dissolved. Silver sulphide and antimonide are less easily acted

on, but are not so refractory as metallic (cement) silver. The presence of

copper salts appears to exercise a detrimental action on the solubility of silver

sulphide.

Silver sulphide is more slowly dissolved than metallic gold, and strong

solutions, containing up to 1 per cent. KCy or more are requiicd. Caldecott

has shown ^ that its dissolution by the primary reaction

AgaS + 4NaCy = 2NaAgCy2 + Na^S

is stopped by the sulphide of sodium, w^hich reprecipitates silver if present

in excess and soon establishes an equilibrium. The soluble sulphides may be

removed by secondary reactions, the principal one being

2Na2S + 2O2 = NagS^Oa + Na^O
followed by

Na.2S203 + Na^O + 2O2 = 21

The other secondary reactions also involve the presence of oxygen, so

that aeration is as important in the treatment of silver ores as it is in that

of gold ores. In the treatment either of gold or silver ores soluble sulphides

may be removed or rendered harmless by the addition of lead acetate, lead

nitrate, litharge, or mercury salts.

The arsenical and antimonial sulphides of silver (ruby silver, stephanite,

etc.), are not readily dissolved by cyanide, and silver contained in native

galena, tetrahedrite and zinc blende is not amenable to treatment.

Action of Potassium Cyanide on Metallic Salts and Minerals Occurring

in Ores.—The ordinary gangue of most ores (viz., silica and silicates of the

.alkalies and alkaline earths) exercises no direct influence on the cyanide

solution. The carbonates of the alkaline earths are also probably without

influence. The decomposing effects of sulphides of the heavy metals vary

with the physical state of the sulphides; hard undecomposed sulphides

are very slowly attacked, but soft partly decomposed sulphides are more
soluble, and in many cases act as cyanicides. Arsenical ores behave

similarly.

1 Julian and Smart, Cyaniding Gold and Silver Ores, p. 107.
2 Von Schultz and Low, Cyanide Practice, 1910 to 1913, p. 066.
® Janin, Junr., Eng, and Mng. J., Dec. 29, 1888.
^ Caldecott, J. Ckcm. Met. and Mng. Soc. ofS. Africa, 1908, 8, 266.
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Messrs. MacAi*tliur and Forrest found that dilute cyanide solutions

exercise a “ selective action ” in dissolving gold and silver in whatever form

they may be present, in preference to sulphides or other salts of the base

metals. There are exceptions to this rule, some of which are noted in the

sequel “ For instance, cyanide of potassium solution has a strong tendency

to dissolve precipitated sulphide of zinc, but its action on the natural sul-

phide of zinc, blende, is almost nM. The same holds for compounds of iron,

and thus we prove selective action by the average result of a series of experi-

ments on ores. Let us suppose a pyritic ore containing about 7 per cent,

of iron and 8 per cent, of sulphm* with about 1 oz. of gold to the ton. After

grinding, this ore is treated wdth a solution containing about 1 per cent,

of cyanide of potassium. The most of the gold will be dissolved and the rest

of the ore left practically untouched. It -is obvious that the amount of

cyanogen contained in the solution is insufficient to combine with the iron

present in the ore, yet, notwithstanding the much greater mass of iron sulphide

present and open to attack, it is the gold that is selected for action by the

cyanide solution. Taking the average result of oui* work we find that a higher

percentage of gold than of silver is extracted, which justifies us in concluding

that the selective action is greater on the former than on the latter. One of

the ores on which our early investigations were done was composed as

under :

—

Copper, .

Arsenic,

Antimony,
Sulphur,

Iron,

Silica,

Lead,
Zinc,

Alumina,
Gold, per ton,

Silver, per ton,

0T5 per cent.

15-09 „
Traces.

14*65 per cent.

18-77 „
36-20 „
2-66 „
4-00 „
4-20 „
2 ozs. 2 dwts. 16 grs.

2 ozs. 13 dwts. 8 grs.

In this ore we had an extraction of gold 85 per cent., silver 50 per cent.^

for a consumption of cyanide of about 0*45 per cent., and investigations-

showed that the action was directed in the order, gold, silver, iron, zinc,

copper. For the amount of cyanide consumed it is obvious that the amount
of base metals dissolved must have been very slight.

“ The consumption of cyanide on fresh concentrates varies naturally

with the composition of the concentrates. In many cases it is less than
0*2 per cent, of their weight. When the concentrates contain marcasite

there is a greater consumption of cyanide than when the pyrites is entirely

of the ordinary yellow cubical description. The presence of compounds of

copper, physically soft, also tends to increase the consumption.” ^

It has been laid down as a general rule that oxides, hydroxides, carbonates,

sulphates and sulphides of those metals which are electro-positive to gold

in cyanide solutions are dissolved more rapidly than the last-named metal,,

whether it is present in the metallic form or contained in its commonly
occurring salts.

This rule certainly applies to -the precipitated salts commonly occurring
in the laboratory, but J. S. MacArthur has shown that the case may be quite

different when the naturally occurring minerals are concerned. He states-

Private commumcation from J. S. MacArthur.
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tkat precipitated sulphide of copper is rapidly dissolved, and also a sooty

form of the same substance occasionally met with as a mineral occmTing

in ores. On the other hand, fused copper matte is scarcely acted on at all,

and in a great many cases the same may be said of the hard dense sulphides

of copper usually found in nature. Sulphide of zinc exhibits the same differ-

ences of behaviour : the ‘ black-jack ' concentrates of the Ravenswood
Mine, Queensland, can be treated with good results, little zinc being dissolved.

Again, oxide of copper, if freshly precipitated, is strongly acted on by the

cyanide, but if it is heated to dull redness in a muffle it becomes insoluble,

and a large excess of this material added to a gold ore makes no difierence

in the percentage of extraction, while the consumption of cyanide is not

increased by its presence. The action of cyanide solutions on sulphide of

silver is similarly dependent on its physical state.”

Prof. Christy’s experiments on the electromotive force of metals and
minerals in cyanide solutions, compared with Ostwald’s normal electrode,

show ^ that many minerals tend to be less rapidly dissolved than pm‘e metallic

gold. The following table is abridged from the one given by him :

—

TABLE XXXI.

Ostwald’s Xckmal Electrode = - 0*50 Volt.

yKCy or6*5<"/o. Y^KCy or 0*65 -^KCy or 0*0(55

E.M.F. in Volts. E.M.F. in Volts. E.M.F. in Volts.

Zinc, commercial, Not given. + 0-77 4"0*o9

Bornite, .... +0-45 40*25 -0*16
Gold, pure. +0-37 +0-23 4-0*09

Silver, pure, 4- 0-33 40*15 -0*05
Copper glance, . -f0-29(?) 40*25 4-0*05

Lead, .... +0*13 40*05 4-0*01

^fercuiy, pure, . -0*09 40*01 -0*11
Gold, amalgamated, .

-0*13
Niccolite, -6-11 --6-17 -0*44
Iron, .... -0-17 -0*24 ! -0*24
Chalcopyrite, . -0-20 -0*34

I

-0*44
Pyrite, .... -0-28 -0*42 ;

-0*48
Galena, .... -0-28 ; -_o*4S -0*52
Argentite, -0-28 — 0*56 -0*55 (?)

Berthierite, . . . -0*30 -0*52 —0*52 •

Magnetic pyrites, -^0-30 -0*40
;

-0*54
Eahlore, .... -0*36 0*52 i -0*52

Mispickel, -0*40 0*45 1

-0*54
Cuprite, .... -0-43 -0*55 -0*57
Electric light carbon, -0*46 -0*52 (?) —0*57
Blende, .... -0-48 -0*52 -0*55
Boulangerite, . -0*50 -0*55 -0*55
Bournonite, . -0*50 -0*55 i -0*56
Ruby silver ore. -^0*54 -0*53 (?) ;

-0*54
Stephanite, ;

-0*54
1

-0*55
!

-0*52 (?)

Stibnite, .... -0-56
!

-0*56 -0*56

Christy, Trans. Amer. Inst. Mnvg. Ewj.^ 1900, 30, 864.
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Prof. Olnisty observed that in testing the minerals it was difficult to get

good electrical contact between the conducting platinum wires and the

rough surface of the mineral fragment, so that the results are only provisional,

especially as the resistance in some cases, such as zinc blende, stibnite, etc.,

was very high. This would tend to make the results for the minerals too

low. Nevertheless, the table is interesting, and shows, for example, that

chalcopyrite has hardly more tendency to go into solution than pure pyrite,

while bornite and copper glance have a strong tendency to set up electric

currents and to dissolve. It is clear from the table that, in the case of the

samples which Christy used, pure chalcopyrite, galena, argentite, magnetic

pyrites, fahlore, mispickel, blende, boulangerite, bournonite, ruby silver ore,

stephanite and stibnite, when free from their oxidation products, are appar-

ently little acted on by cyanide solutions, but he gives no information as to

the physical condition of the minerals tested.

Action of Potassium Cyanide on Oxidised Sulphides.—When pyrite

occurs in tailing which has been subjected to the action of the weather

for some time before treatment, compounds are formed which are more
prejudicial to the solution than the sulphides. Sulphide of iron, PeSg, is

oxidised by air and water, ferrous sulphate and free sulphuric acid being

formed, thus

—

FeSa -h HgO + 70 = FeSO^ + H2SO4.

Ferrous sulphate suffers further oxidation, and normal ferric sulphate,

Fe2(S04)3, is produced, which eventually loses acid and becomes a basic

sulphate, 2Fe203 . SO3. Other basic salts of complex and unknown com-
positions appear to be formed also.

W. A. Caldecott has investigated the products of decomposition of

pyrite contained in slime accumulated in dams or pits in the Transvaal,

with the following results.^ He finds that the main stages in the oxidation

of pyrite or niarcasite are as follows :

—

(1) FeSs,

(2) FeS + S, .

(3) FeSO^ + H2SO4 ,

(
4)

. .

(5) 2Feo03.S03,

(6)

Fe(6H)3, . .

Pyrite.

Ferrous sulphide and sulphur.

Ferrous sulphate and sulphuric acid.

Ferric sulphate.

Insoluble basic ferric sulphate.

Ferric hydroxide.

All the products named are found in weathered tailing and Fe(0H)2
in addition.

Oxidation of pyrite also occurs to some slight extent during treatment,

on the surface layers of sand charges and during prolonged aeration and
agitation of slime charges. Ferrous sulphide is produced by grinding pyrite

between iron surfaces,

FeSa + Fe = 2FeS,

and the reaction occurs in the stamp battery and steel-lined tube mills, etc.,

to some extent (Caldecott). The sulphide yields deleterious products as in

weathered tailings.

3
* Caldecott, J. Chem. 3Iet. and Mng, Soc. of S. AfHca, 1897, 2, 98, 122; 1907, 7, 315.

Proo. Gheni. Soc., April 29, 1897.
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In tie presence of suci oxidised copper and iron pyrites, tie following

reactions take place :

—

(1) Tie free sulpiuric acid liberates hydrocyanic acid,

H^SO, + 2KCy = K^SO^ + 2HCy.

Tie sulpiuric acid also attacks silicate of alumina or magnesia present

in tie ore, tins

—

2AlHSi04.H20 + 3H2SO4 = AUBO.y, + 2Si(0H), + H2O,
kaolin

producing gelatinous colloidal silicic acid which retards tie settlement of

slime, necessitating tie heating of solutions.^ Tie soluble sulphates can be
neutralised by lime.

(2) Ferrous sulphate reacts with tie cyanide, forming ferrous cyanide,

which dissolves in tie excess of potassium cyanide, so that it does not appear
in tie free state.

FeSO, + 2KGy = FeCy^ + K0SO4
FeCya + 4KCy = K^FeOyg.

Tie potassium ferrocyanide, if sufficient acid be present, reacts with fresh

ferrous sulphate forming a bluish-white precipitate.

FeSO^ + K^FeCyg = K^Pe^Qye + K^SO^.

This precipitate oxidises in the air to Prussian blue if free acid is present

—

4K9Fec,0y6 0^ + 2H2SO4 = 3FeCy2.2Fe2Cy6 (Pi-ussian blue) K^FeCyg
2K.SO.+2H0O

Both these precipitates are decomposed by potash or soda and, therefore,

cannot be formed in their presence. The reactions may be represented

as follows ;

—

KoFe2Gy6 -f 2K0H = K^FeGyg + Fe(0H)2
3FeCy2.2Fe2Cy6 + 12NaOH = 3Na^FeCye -f 4Fe(OH)3.

Consequently, if free acid is not present Prussian blue is hardly formed at

all, as the solution becomes alkaline, and the precipitate is decomposed as

fast as it is formed.

It follows from these reactions that if the blue colour of Prussian blue

is visible in the vats or on the surface of the tailing heaps, waste of cyanide

must have taken place.

(3) Ferric sulphates are decomposed by potassium cyanide, hydrocyanic

acid being evolved and ferric hydroxide precipitated.

(4) A mixture of ferrous and ferric sulphates produce Prussian blue by
reacting with potassium cyanide, ferrocyanide of potassium being formed
at first as above ;

the equation is

—

3K4FeGy6 -f 2Fe2(S04)3 = 3FeGy2.2Fe.2Cy6 + 6K2SO4.

Here again the waste of cyanide is prevented by keeping the solutions

alkaline.

^ W. A. Caldecott, J. Ckem. Met. and Mng. Soc. of S. Africa, Jan. 1907, p. 217 ; Hand
Metallurgical Practice, "vol. i., p. 383.
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(5) SulpLate of copper, CuSO^, acts difierently from EeSO^, cuprous

cyanide, CugCya, being formed, soluble in excess of KGy to K2Cu2Cy4, a

compound very prone to decomposition. Copper sulphate also gives a pre-

cipitate with potassium ferrocyanide, thus

—

K4FeCy6 + GuSO^ = KaCuFeCys + K2SO4.

Sulphate of copper acting on KGy or HCy appears to produce nascent

cyanogen, and so to promote dissolution of gold, thus :

—

CUSO4 + 2HCy = CuCy + H3SO4 + Gy.

Copper carbonate is also a troublesome cyanicide. According to Clennell,

the reaction which occurs is as follows :

—

2CUCO3 + 7ElCy -f 2KOH == K4Cu2Cy0 -P KCyO •+• 2K2CO3 -j- H2O.

(6) Ferrous hydroxide, when formed as above, is instantly dissolved

in KGy, thus

—

Fe(OH)2 + 6KGy = K^FeCye + 2KOH
and also

2Fe(OH)2 -p 0 -P OH2 = 2Fe{OH)3.

Ferric hydroxide, however formed, does not act on potassium cyanide.

(7) Ferrous sulphide is acted on as follows :
—

^

FeS -P 6NaCy = Na^FeCyg + NaaS
NagS + NaCy + 0 -p OH2 = NaCyS -P 2NaOH

2FeS + 90 -p 3H2O + 2CaO = 2Fe(OH)3 + 2CaS04.

Copper and zinc in the condition of hydroxides or carbonates are quickly

dissolved in preference to the precious metals. If sulphates of these metals

are formed in an ore containing limestone or clay, double decomposition

occurs with the production of sulphate of lime or alumina, and oxides or

carbonates of the heavy metals, which are dissolved by the cyanide, thus

—

ZnSO^ -p CaGOg = ZnCOg + CaSO^
ZnCOs -P 2KCy = ZnCy^ + K2CO3
ZnCya + 2KCy = KaZnGy^.

Arsenopyrite similarly causes a waste of cyanide when decomposing.

Alkaline sulphides are formed which absorb oxygen and necessitate the

aeration of the solution. Stibnite is worse in these respects, and ores con-

taining it are generally refractory.

Speaking generally, decomposing sulphides act as cyanicides, destroying

the cyanide, but copper ores are probably the most fatal in this respect.

They also act as deoxidisers, necessitating much aeration, the removal of

soluble sulphides by soluble solutions of lead, mercury, etc. For the effect

of lead sulphide, see below, p, 336.

Effect of Alkalies.—Since acidity of the ore causes decomposition of

the cyanide, an obvious method of reducing the loss is to add alkali in some
form. Before doing this, the free sulphuric acid and soluble salts may be
removed by leaching with water, and then a solution of caustic soda or lime

is run on to the ore, and after standing for some time is drained off and

1 Caldecott, Rand Metallurgical Practice, vol. i., p. 387.
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followed by the cyanide solution. Lime is usual!}’ added either to the ore

or to the mill service water
;

the amount required is carefully estimated.

Water and alkali washes have thus been superseded. The insoluble basic

salt is thus converted into ferric hydroxide and soluble sulphates

—

-f Ca(0H)2 -f oHoO = 4Fe(OH), + CaSO^
Also,

H2SO4 + Ca(OH)o = CaSO^ 4- 2HoO
FeSO^ + Ca(OHL = Fe(OH)2 4- CaSO,.

The calcium sulphate forms a saturated solution, and is deposited in the

mill pipes, necessitating cleaning (Caldecott). The ferric hydi‘oxide does

no harm. Ferrous hy(L*oxide dissolves in cyanide, forming ferrocyanides,

and absorbs oxygen, as above, p. 334. Material containing ferrous sulphate

and ferrous sulphide are, therefore, not rendered innocuous by lime. During
the ore treatment they are gradually converted into ferric salts by the action

of air or cyanide or both (Caldecott). Alkali does not protect cyanide from
copper salts.

“ Caustic soda was at one time commonly used as a protective alkali,

but besides being dearer than lime, it tends to introduce sulphides into

solution from the ore and to retard flocculation and settlement or percolation,

possibly by converting the colloids present into the ' sol ’ form of turbid

suspension,^ and likewise hinders precipitation, possibly by inducing more
rapid formation of Zn(OH)2 coating on the zinc shavings,^ When much
organic matter is present in tailings under treatment, the use of caustic soda

assists the introduction into the solution of soluble organic compounds,
which resemble a solution of soap in preventing the ready escape of hydrogen
given ofi by the zinc sponge, so that the latter may rise with the froth above
the solution level. Linie, in this respect as in others, displays a marked
clarifying eflect.” ®

Decomposition of Potassium Cyanide.—^Hydrocyanic acid is one of the

Aveakest acids known, and is expelled from its salts by all mineral acids and
many organic acids. Carbonic acid decomposes potassium cyanide in presence

of water thus :

—

2KCy + CO., 4- H^O = 2HCy + K2CO3.

The smell of hydrocyanic acid, noticeable Avhenever KCy or its solutions are

exposed to air, is accounted for by this reaction. The cyanide is protected

by the presence of a slight excess of alkali.

In the presence of air, potassium cyanide takes up oxygen, and is con-

verted first to cyanate and then to carbonate

—

KCN 4-0 = KCHO
2KCN0 -f 3H2O == K2CO3 4- CO2 4- 2NH3.

These reactions are very slow, but become much more rapid if heat is applied.

Strong solutions turn brown in the ah\ In dilute solutions, potassium cyanide

suffers hydrolytic dissociation, and is partly changed into HCy and KOH.

1 For a discussion of “gel” and “sol ’’forms of coUoids and the influence of reagents on
them as affecting sHme settlement, see H. E, Ashley, Mng. and Set. Press, June 12, 1909,

p. 831, and Trans. Amer. Inst. Mng. Eng., 1910, 41, 08O.
2 J. Chew.. Met. and Mng. Sog. of S. Africa, April, 1898, p. 319 ; Park, Cganide Process,

p. 319.
3 W. A. Caldecott, Rand Metallurgical Practice, voL i., p, 388.
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It results from this that the passage of a stream of any neutral gas such as

nitrogen through the solution causes an evolution of hydrocyanic acid, while

the solution becomes alkaline. The equation is

—

The extent of the hydrolytic dissociation is 1T2 per cent, of the salt in

a solution containing 0*65 per cent. KCy and 2*34 per cent, of the salt in a

solution containing 0-16 per cent. KCy.^ In weaker solutions, the extent

of the hydrolytic dissociation is greater. If the solution is boiled with acids

or alkalies, hydrolysis of the cyanide occurs rapidly, ammonia and formates

being formed, thus

—

KCN + 2H2O = NH3 + HCO2K.

This equation does not represent the whole effect, as acetates and other

organic substances are also formed. The reactions also proceed, although

very slowly, if the solution is cold and neither acids nor alkalies are present.

The destruction of cyanide by cyanicides, as described in the previous

section, is far more serious than this spontaneous decomposition in water.

Soluble Sulphides in Cyanide Solutions.— small percentage of a soluble

sulphide present in the cyanide solution greatly delays the dissolution of

gold. Doubtless this is partly owing to the abstraction of oxygen from the

solution by the sulphide, for gold sulphide is freely soluble in KCy, so that

the surface of the metal should remain free from sulphide. Bettel, however,

points out ^ that silver sulphide is far less soluble than gold sulphide, and
that if native gold containing 20 per cent, of silver is treated, a film almost

insoluble in (dilute) cyanide solutions may be formed. It is certain that

some specimens of pure gold leaf dissolve with great difficulty if they have
been previously dipped in sulphide solutions, or if traces of soluble sulphides

or sulphO'Cyanides are present in the solution. The difficulty disappears

if the sulphides are removed, either by being precipitated with lead salts,

or by the action of certain oxidisers.

Caldecott observes that the soluble sulphides are derived from that

present in commercial cyanide, and from the action of cyanide on sulphides

of iron in the ore. They become converted into sulpho-cyanides at the expense

of cyanide and oxygen, thus :

—

Na^S + NaCy + 0 + OH^ = KaCyS + 2NaOH.3

The alkaline sulphides are usually removed by dissolved salts of lead or

mercury.

Dissolved lead salts precipitate soluble sulphides. Lead acetate reacts

with cyanide solutions yielding hydrate or oxycyanide of lead, and this is

dissolved as an alkaline plumbite, PbO.ccNagO. The reaction proceeds,

thus—

^

ldh0.xm^0 + Na^S = PbS + {x + l)m^O
PbS + NaCy + 0 == PbO + NaCyS.

1 J. Shields, Phil. Mag., 1893, 35, 387.
® Bettel, South African Mining J., May 8, 1897.
® Caldecott, Itand> Metallurgical Practice, vol. i., p. 388.
^ Op. cit, p. 387.
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so that the insoluble lead sulphide is also an absorbent of oxygen and cyanide.

Any soluble lead remaining “ passes into the zinc boxes, where it is deposited

as metallic lead, thus constantly renewing the activity of the zinc-lead couple

by forming fresh uncoated precipitating smdaces (Caldecott).

G. H. Clevenger observes^ that soluble sulphides are readily oxidised

and seldom occm* in mill solutions, but that lead salts may be advantageous,

(1) By removing sulphur ions and so accelerating the dissolution of

silver occurring as sulphide.

(2) By retarding the formation of sulphocyanide and the separation of

free sulphur, and so saving cyanide.

(3) By checking the fouling tendency of copper on the solution.

He also finds that

—

(4) An excess of lead is disadvantageous, but this is less observable when
litharge is used.

(5) Lead is more advantageous with silver or silver-gold ores than with
gold ores.

Re-Precipitation of Gold and Silver in the Leaching Vats.“-If the solution

is acid there is said to be some danger of a precipitation of gold previously

dissolved, insoluble aurous cyanide being thrown down, according to - the

equation

—

KAuCy^ -f HCl = KCl 4- HCy + AuCy.

This, however, need not be feared as long as there is an excess of KCy, which
must all be destroyed by the acid before the amous cyanide can be precipi-

tated. Moreover, aurocyanhydric acid, HAuCy2, is formed and remains

in solution, AuCy being precipitated only as the HCy leaves the solution

by evaporation.^ There is danger in transferring a solution containing

gold to a vat containing pyritic material. If the latter should contain any
soluble salts of the heavy metals, insoluble salts are thrown down

—

e.g. :

—

2K.AuCy2 4“ ZnSO^ = K2SO4 4* ZnAii2Cy^.

A. NT. Mackay attributes re-precipitation of gold to the action of free

alkali on fine sulphides,® by which soluble sulphides are produced. In one
case in which the protective alkali amounted to 0-04 per cent, and the cyanide

to 0*02 per cent., complete re-precipitation of dissolved gold took place in

18 hours. The slime in contact with the solution contained 0*5 per cent,

of FeSg. By reducing the alkalinity to 0-01 per cent., the re-precipitation

was prevented from occurring.
“ The presence of carbonaceous or decomposing organic matter in the

sand or slime undergoing cyanide treatment is distinctly detrimental on
account of its oxygen-absorbing properties and tendency to precipitate gold

aheady in solution. Semi-burnt coal in commercial lime,’’ dirt of various

kinds, decomposing products of vegetation, or carbon in certain forms may
be “ the cause in certain cases of re-precipitation of gold from cyanide solu-

tion when kept in contact with sand for a few days in a closed vessel
;
and

further, its reducing capacity being stimulated by heat, serves to explain

1 Clevenger, Mng. ajid Sci. Press, Oct. 24, 1914, p. 635.
2 Lindbom, Bull. Soc. chim., 1878, 29, 422. See also treatment by acid solutions, p. 397.
3 Mackay, Re-precipitation of Gold from Cyanide Solutions, Trans. Inst. Miuj. and

Met, May, 1905, 1

4

, 541.
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why in practice warming of sand solutions may result in less rapid dissolution

of the gold content than with solutions at ordinary temperatures.” ^

Reactions in the Zinc Boxes.^—It was helieved at one time that the

precipitation of gold and silver by zinc was ejected by simple displacement,

according to the equation

—

(1)

2KAuCy2 + Zn = K2ZnCy4 + 2Au.

This simple view is now generally discredited. The principal observed facts

are as follows :

—

(1) An excess of free cyanide favours the precipitation of gold.^ Sometimes

it is necessary to add cyanide direct to the solution in the zinc boxes.

(2) An evolution of hydrogen takes place during precipitation, but free

gaseous hydrogen does not precipitate gold.

(3) Zinc dissolves in the solution, the amount depending on its strength.

The waste of zinc is such that it requires, say, from 5 to 20 parts of zinc to

precipitate 1 part of gold, or from 15 to 60 atoms of zinc to 1 atom of gold.

Part of the zinc (usually at least half) is disintegrated and remains with the

precipitated gold.

(4) The precipitation is aided by the presence of metals, such as lead,

which are electro-negative to zinc in cyanide solutions. The lead increases

the rate of dissolution of the zinc. It must, of course, be in contact with

it, as in the lead-coated zinc shavings usually employed.

(5) It is necessary that the zinc should be of very great area for efficient

precipitation, especially in solutions weak in cyanide. Zinc plates are gener-

ally found unsuitable.^ Zinc shavings (or “ thread ”) or in the alternative

zinc dust (“ fume ”) are suitable.

The large area is required because “ no doubt but a fraction of the zinc

area usually does useful work, the remainder being rapidly coated with

lime salts and zinc compounds (see below, p, 342), and thus put out of action.

. . , The lead-zinc couple was first introduced to reduce the tendency

of precipitated copper to form a smooth coherent metallic coating upon the

zinc shavings.” ^

‘‘ Hydrogen to some extent polarises the zinc by coating it with a thin

film of gas, which prevents its actual contact with the gold in the solution
;

and no doubt the efficacy of a lead coating is in part due to the roughened
surface, consequent on its use, assisting bubbles of hydrogen to form and
escape.” ® Zinc shavings, by reason of their ragged edges, have a similar

advantage over zinc plates.

(6)
“ In addition to gold, any silver, mercury, copper, cobalt and nickel

present in solution as double cyanides are precipitated by zinc in the same
way as gold, the copper being occasionally visible in the red coating pro-

duced on the shavings, whilst the zinc shavings are rendered brittle should
much mercury be present.” Other elements, such as dissolved lead, tel-

lurium and selenium, are also precipitated, the precipitate sometimes con-

taining appreciable amounts of metals which previously existed in the ore

and the solutions in such small proportions as to escape detection.

^ Caldecott, Rmid MetallwrgiGdl Practice, vol. i., p. 387.
2 See W. A. Caldecott and E. H. Johnson, J. Chem. Met. and Mra. Soc. of S. Afriaa

1903, 4» 263.
^ W. R. Feldtmann, Eng. and Mng. J., Aug. 11, 1894, p. 126.,
4 See, however, MacArthur, J. Chem. Met. and Mng. Soc. of S. Africa, 1913, 13, 310.
® Caldecott, Rand Metallurgical Practice, voL i., p. 391.
« Op. cit., p. 390. 7 pp. cit., p. 391.
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(7) During the passage of the solution through the boxes some cyanide
is consumed, and the free alkali in solution is increased, though in neither

case is the amount very great in practice/’ ^

(8) ‘'Heat assists precipitation, but increases the waste of cyanide by
decomposition/' Ehrmann has shown ^ by experiments on solutions of

various strengths, that about as much gold is precipitated by zinc in twenty-
four hours at 20^ C. as in two houi‘s at 80"^ C. In the latter case there is,

according to MacArthur, an enormous waste of cyanide by the formation
of iu‘ea, which manifests itself by its strong unpleasant odom\”

(9) The proportion of dissolved gold which is precipitated in the zinc

boxes diminishes as the solutions become weaker in gold. Hence some gold,

say 0*02 dwt. per ton, is always left in the solution.

(10) The gold is redissolved if it becomes detached from contact with
zinc, provided that ox3’gen is still present, and “ air blown through gold-

coated shavings immersed in cyanide solution raises the gold value of such
solution, and a similar efiect can likewise be produced by exposing such
shavings to the air in a shallow vessel partly filled with solution.” ^ The
solutions, leaving the boxes are practically free from oxygen.^

Theories as to the precipitation must fit the observed facts, and are of

value only so far as they enable the operator to form such a mental picture

of what is happening as to help him in his work.

Precipitation is a process of reduction, or at least is favoured by reducing

conditions and prevented by oxidising conditions. It is thus the exact

opposite of dissolution. Caldecott states the main reactions, thus :
—

^

(2) Zn -f 2H^O == Zn(OH)2 -h 2H(-f 174 cal.).®

(3) 2NaAu0y2 + 2H = 2HCy -f 2NaCv + Au^.

(4) HCy 4- NaOH - NaCy 4 H^O.

He points out that the oxidation of zinc raises the temperature of the solu-

tion by amounts up to 1° F. in passing through the boxes. This oxidation

•can hardly take place except owing to contact with an element, such as lead,

gold, mercury, etc., which is electro-negative to zinc, and it may be argued
that the hydrogen is in all probability mainly produced according to the

reaction

—

(5)

Zn -f 4NaCy -I- 2H2,0 = + 2NaOH + 2H

which must take place in the absence of metal to be precipitated, and, there-

fore, can hardl}" fail to be generally proceeding. This view of the method
of production of hydrogen by zinc brings zinc precipitation into line with

precipitation by aluminium, the essential fact in each case being the liberation

of hydrogen during the dissolution of the metal. In the case of aluminium,

Moldenhauer found ^ that an excess of alkali was necessary, and this dissolves

aluminium with the formation of an aluminate, hydrogen being given ofi.

^ Loc. cit.

2 Elirmann, J. Cheni. Met, andMng. Soc. of S. Africa, July, 1899, p. 147.

3 Caldecott, Ita7id Metallw'gical Practice, vol. i., p. 393.
^ A. F. Crosse, J. Che7n, Met. andMng. Soc, of S. Africa, Aug. 1898, 2, 402.
® Caldecott, Pa7id Metallurgical P^'actice, vol. i,, 389,

® There is also the reaction Zn + 2NaOH = Na2Zn02 + 2H to be considered, especially on
the application of heat.

’ Julian and Smart, Cyaniding Gold and Silver Ores, 1st ed., p. 158.
'



340 THE METALLURGY OF GOLD.

It follows that free cyanide should not be required in precipitation by aluniin'

iuni4 However, the equations given by E. W. Hamilton ^ are the following :

—

SHaAgCvg + SISTaOH 4- A1 = 3Ag -f GNaCy + Al(OH)3

2A1(0H)3 4 2NaOH = Na^AlA + 4:H20,

but for low-grade solutions, when caustic and aluminium are both present in.

excess, he prefers

—

2NaAgCy2 4- 4NaOH -f 2Ai = 4NaCy + 2Ag + Ha^AlaO^ + 4H.

Aluminium does not react directly with cyanide.

Reaction No. (5) occurs the more readily the more cyanide is present,,

and if it is regarded as the essential reaction, the desirability of the presence-

of free cyanide is at once apparent. In this respect Dr. Caldecott’s explana-

tion is less obvious, and it even calls for a gradual increase in the free cyanide

present during precipitation, which is the reverse of the observed facts.

Moreover, it does not account for the well-known production of free alkali.

If the zinc hydrate formed in equation (2) is dissolved in cyanide at the

moment of formation, thus

—

(6)

Zn(OH), -f 4KCy = K2ZnCy4 4 2KOH,

then the loss of cyanide and increase of alkali are accounted for and the^

necessity of the presence of free cyanide is explained as the need of keeping

the metallic zinc clean. This explanation, however, makes equations (2) and

(6) identical with equation (5), which states the facts more simply, and gives

the same evolution of heat.

MacEarren,^ following J. S. Clennell, gives the precipitation of gold in

the presence of cyanide as

—

(7)

KAuCya 4- 2KCy + Zn + HgO = K^ZnCy^ 4- Au + E 4- KOH

and in the absence of free cyanide as

—

(8)

KAuCy^ 4- Zn 4- H^O == ZnCys 4- Au + H 4- KOH

making the precipitation an electro-chemical displacement of K and Au by Zn,.

followed by the displacement of hydrogen in water by potassium. Equation

(8) seems the more probable when it is remembered that the potassium
ions in KCy itself are displaced by zinc in the presence of water. Christy

also gives equation (8),^ but instead of (7) he gives

—

2KAuCy2 4- 3Zn 4- 4KCy 4- 2H2O = 2Aii 4- 2ZnK2Cy4 4- K^ZnOa 4- 2Ha.

The caustic alkali produced by equation (5) or (7) is partly neutralised by
carbonic acid from the air, and calcium carbonate is thus thrown down.

Eurther experimental data may decide the matter, but in its absence,,

always bearing in mind the nature of the help that theory can give to practice,

See Julian and Smart, Gyaniding of Gold and Silver Ores^ p. 158.
2 Hamilton, Eng. and Mng. J., May 10, 1913, p. 936.
® MacFarren, Cyanide PractiGe, p. 159.
^ Christy, ‘‘On the Solution and Precipitation of Gold.” Trans. Amcr. Inst. Mng. Eng.,

1896,26,735.
^
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Oaldecott’s main contention that nascent hydi‘Ogen is the agent of precipi-

tation of gold may be accepted. The hydrogen which becomes gaseous has

escaped its true function and become inert. It would also tend to form an
imperceptible layer on the surface of the zinc, which would thereby be pro-

tected from further action, and consequently the sooner it is got rid of the

better. The ragged edges of thread zinc and the rough surface of lead-coated

zinc are both beneficial in this respect. Circulation of the solution should

enable a greater proportion of the nascent hydrogen to be used in precipi-

tation. The evolution of hydrogen in zinc dust precipitation has not been
described, and it is probable that in this case the hydrogen is practically all

used in precipitating gold, thus reducing the waste of zinc.

Caldecott has observed that, if there is a rapid flow of solution in the

boxes, particles of lead and gold and of mercury and gold may be detached

from the zinc and float to the surface, buoyed up by bubbles of hydrogen
gas. Such particles may be carried away and the gold redissolved.

With regard to the efiect of electro-negative metals, Caldecott observes

that the ordinary impurities of commercial zinc, such as lead, carbon, iron

and arsenic, do not dissolve, but like deposited gold and other metals assist

the zinc-lead couple to promote efficient precipitation. It has been suggested

that iron being electro-negative to zinc, gold might be deposited on the inside

of steel extractor boxes, and on the trays of wire screening used to support
the zinc shavings in the boxes. In practice, however, Caldecott finds that

very little gold is deposited in this way, “ probably owing to the fact that a

protective coating of rust and calcium sulphate speedily forms on such
iron surfaces and prevents actual contact of the metal with the gold-bearing

;Solution.”

The presence of an excess of alkali and a deficiency of cyanide apparently

favours the production of sodium zincate, thus

—

Zn -f 2KOH = Zn(KO)2 + 2H.

The presence of large quantities of the double cyanide of zinc and potas-

sium in the solutions is not prejudicial to the solvent action of the simple

•cyanides. At the Mercur Mine the stock solution was apparently as efficacious

.after nine months' use as at the start, although it must have contained large

quantities of zinc cyanide. Eeldtmann showed that gold in ores can be

dissolved by zinc-potassium cyanide, but J. S. C. Wells points out that

the double cyanide remains undecomposed by gold so long as any simple

•cyanide is present. The simultaneous presence of zinc and some other

constituent (possibly arsenic) was found by Hamilton to be prejudicial

to the dissolution of silver at Cobalt.^ An accumulation of base heavy
metals in the solution can be got rid of by the addition of soluble

sulphides.

The “ white precipitate ” formed on the zinc shavings in weak and
medium ” cyanide solutions, and tending to prevent good precipitation,

has been the subject of several investigations (G. W. Williams, A. Whitby,

B. Bay and A. Prister).^ According to an analysis by Prister and

1 Hamilton, Eng. and Mng. J., May, 10, 1913, p. 936.
2 Williams, Whitby, Bay and Prister, J. Chem. Met. and Mng. ^oc. of S. Africa^ 1904-6,

4 and 5»
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Bay, the composition of a sample from the Ferreira Beep Mill was as

follows :

—

Ferrocyanide of zinc and potash, K2Zn3(FeCy6) 1045 per cent.

Zinc cyanide, ZnCy2, . . • • 22*73 ,,

Zinc hydroxide, Zn(OH)2, . . . 64*79 ,,

Copper oxide, . . . . . 0*40 ,,

Iron oxide, Fe203, . . . . 1*00 ,,

Silica,....... 1*03 ,,

Moistiu’e, ...... 8*07 ,,

98*47

There seems to be some doubt as to the cause of the formation of insoluble

zinc cyanide (see, however, MacFarren’s Cyanide Practice, p. 160), although

there is no doubt that in a strong solution of KCy it would redissolve, thus

—

ZnCy2 + 2KCy = K^ZnCy^

or would be prevented from forming. Similarly Zn(OH)2 is redissolved by
KCy, thus

—

Zn(OH)2 + 4KCy = KgZnCy^ -b 2KOH,
or

2Zn(OH)2 H- 4KCy = K^ZnCy, + Zn(OK)2 + 2H2O,

followed, according to N. Anderson,^ by

Zn(OK)2 + 4KCy + 2H2O = K^ZnCy^ + 4KOH

the potassium zincate being decomposed by cyanide. Strong cyanide

solutions accordingly do not permit the formation of visible zinc hydroxide.

According to Caldecott, ^ the absence of free alkali in solution and the

presence of hydrocyanic acid instead, as produced by the preliminary addition

of sodium bicarbonate, prevents the formation of any white zinc hydroxide

coating on zinc shavings, thus

—

3CaS04 + Ca(OH). + 4KaCy + 4NaHC03
= 2HCy -b 2]SraCy + 3Isra2S04 + 4CaC03 + 2H2O

2HCy 4- 2NaCy + Zn = NaaZnCy^ + 2H.

MacFarren, however,® assuming that the white precipitate is mainly ZnCy2.

and Zn(OH)2, states that the white precipitate appears only to a slight extent

in strongly alkaline solutions, even though weak in cyanide. Caldecott pro-

ceeds that the white precipitate is “ undesirably abundant in cold weather
or when the treatment of weathered ore or accumulated slime has introduced

an abnormal amount of potassium ferrocyanide into the working solutions.”

An assumption is made here that the white precipitate is partly zinc ferro-

cyanide.

Among other substances mentioned by Caldecott as being deposited in

the zinc boxes are zinc sulphide
;

silica and alumina dissolved from the

^ Anderson, Mineral Industry, 1895, p. 330.
2 Caldecott, Rand Metallnrgical Practice, vol. i.. p. 390: J. Chem. Blet. and Mwi.

of S. Africa, Dec. 1903, p. 639.
® MacFarren, op. cit, p. 160.
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ore and presumably precipitated as zinc alnminate and silicate ”
;
calcium

sulphate, especially when partly weathered ore is treated
;
calcium carbonate

formed by the action of the carbonic acid of the air on dissolved calcium

hydroxide
;
and minute particles of ore and especially slime mechanically

deposited.

One more point must not be forgotten, and that is that the soluble com-
pounds are all more or less ionised, and consequently that all of them will

be present together in the solution in amounts depending on their degree of

ionisation, mass action having free play.

The Precipitation of Gold by Charcoal—It has been shown that graphite

from Natal and from Barberton does not precipitate gold from auro-

cyanide solutions,^ but that graphite in West African schist may do so.^

The power of charcoal to precipitate gold from cyanide was proved by Morris

Green ^ to depend on carbon monoxide gas occluded in the charcoal. Free

carbon monoxide is without effect, and its condition in charcoal is unknown.
The reaction involved in precipitation is presumably a reduction analogous

to that effected by nascent hydrogen.^ It was found by N. S. Keith ^ that

finely divided carbon when agitated with ore in cyanide solutions caused

the gold to be more rapidly dissolved, presumably by its electronegative

action, iust as iron in contact with gold increases its solubility, according to

Gore (see p. 327).

The Precipitatioii of Insoluble Cyanides of Gold.—In the absence of free

cyanide, the sodium in sodium aurocyanide may be replaced by certain

heavy metals, such as silver or copper, in which case the gold comes down
as an insoluble double metallic cyanide. As the latter is soluble in alkaline

cyanide, it is necessary to destroy the cyanide in the solution before the pre-

cipitation takes place, and consequently the method is not used in practice

except in assaying.

P. de Wilde proposed ® to acidify the solution with sulphur dioxide and
to precipitate aurous and cuprous cyanides with sulphate of copper, leaving

the solution to settle for twelve hours. This method involves the destruction

of the cyanide.

S. B. Christy proposed to acidify the solution with sulphuric acid and to

stir in freshly precipitated sulphide of copper or any cuprous salt, when
the whole of the aurous cyanide is precipitated in a few hours. Wilde sub-

sequently proposed carefully to neutralise auriferous cyanide solutions

with dilute sulphuric acid, and then to add a solution of cuprous chloride

in common salt, assisting the settlement of the precipitate by adding potas-

sium chlorate or blowing air through the solution. The precipitate is then
dried and calcined, and the oxide of copper removed by dissolving it in

sulphuiic acid, leaving the gold nearly pure.

Effect of Thiocyanates on Metallic Gold.—This has been investigated

by H. A. White,^ who found that potassium cyanate, though inactive by
itself, would dissolve gold if mixed with various oxidising agents, such as

potassium permanganate, ferricyanide of potassium, dilute nitric acid, etc.

Ferric thiocyanate also dissolved gold, but in this case it was supposed that

the presence of dissolved oxygen was necessary.

^ Green, J. Chem. Met, and Mng. Soc. of S. Afodca, Sept. 1912, 13, 84.
^ Briihl, Trans. Inst. 3f7ig. and Met., 1914, 23 , 82.
® Green, ihid., p. 65. ^ See, however, Feldtmann, ibid., April, 1915.
s Keith,

^

Engineerinfj, 1895, 59, 379.
® De Wilde, Revue Universelle des Mines, etc., Brussels, Oct. 1, 1895.
^ White, J. Chem. Met. and Mug. Soc. of 8. Africa, October, 1905, 6 , 109.
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Tlie Stark process of treating dumps ^ was said to be explained by these

results.

Testing of Cyanide Solutions.^

Free Cyanide.—The ordinary method of estimating the amount of free

cyanide present in a liquid is by titration with a standard solution of silver

nitrate. Silver cyanide is formed, and redissolves in the excess of potassium
cyanide until one-half of the latter has been decomposed. The equations

are as follows :

—

AgNOg + KCy = AgCy + KNO3
AgCy + KCy-KAgCy,.

When one-half of the KCy present has been converted to AgCy, an addi-

tional drop of AgNOg solution causes the formation of a permanent white
precipitate of AgCy, The amount of silver solution added is then read off,

and the percentage of cyanide calculated. The equation of the end reaction

is

—

KAgCyg 4- AgNOg = 2AgCy + KNOo.

A few drops of a 10 per cent, solution of potassium iodide are often added,
in accordance with a suggestion made by J. S. MacArthui*, to make the end
reaction sharper, and to prevent inaccuracy through the presence of ammonia
or other substances in which silver cyanide is soluble. The results are,

however, slightly too high, owing to the presence in mill solution of alkali

and the double ^inc cyanide. A. M‘A. Johnston dissolves ^ 13*046 grains
of triple crystallised silver nitrate in distilled water and makes up to a litre.

He titrates by running this into 100 c.c. of cyanide solution (previously
filtered if tm:hid) containing one or two drops of potassium iodide solution.

Then each c.c. of AgNOg solution used represents 0*01 per cent. KCy in the
cyanide solution.

Total Cyanide.—This includes the free cyanide (NaCy or KCy), hydro-
cyanic acid and the cyanide in the double cyanide of zinc, KgZnCy^. An
excess of caustic soda (say 5 c.c. of a 10 per cent, solution) is added to the
solution, together with a few drops of the potassium iodide indicator and a
drop or two of ammonia (Johnston). The solution is titrated with silver

nitrate as before.

Protective Alkali.^—The solutions required are silver nitrate (as above),
phenolphthalein, prepared by dissolving 1 gramme of the powder in 100 c.c.

of 60 per cent, alcohol or methylated spirits; decinornial oxalic acid,
K/10 G2H2O4, prepared by dissolving 6*3 grammes of oxalic acid crystals,
C2H2O4.2H2O, in distilled water and diluting to 1,000 c.c.

;
potassium

ferrocyanide, K4FeCy6, prepared by dissolving 10 grammes of K4FeCy6 in
100 c.c. of distilled water.

The test is as follows :
—^Measure into a conical flask 100 c.c. of -cyanide

solution. Add just sufficient silver nitrate solution to give a permanent

^ Rmul Metallurgical Practice^ vol. i., p. 1594 .

2 !]^r details of analys^ and the testing of ores, see J. E. Glenxiell, Chcmhtni of
Cyainae SoluUons

;

A. M‘A. Johnston, Rand Metallurgical Practice, vol. i., pp. 322.379*
MacEarren, Cyanide Practice, pp. 28-86.

® Johnston, Rand Metallurgical Practice, vol. i., p. 323.
account of the determination the author is indebted to Mr. A. M‘A. Johnston

and to Ur. Caldecott.
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precipitate, and tlien 5 c.c, of the ferrocyanide solution and two drops of

phenolphthalein. Titrate with decinormal oxalic acid till the phenplphthalein
colour is discharged. Then each c.c. of oxalic acid solution used multiplied

by 0-004 gives the percentage of alkalinity in terms of caustic soda. The
portion of solution used to determine free cyanide may be afterwards used
to estimate the protective alkali.

The use of potassium ferrocyanide in this determination is desirable,

so as neither to include K2ZnCy4
as free alkali nor to neutralise free alkali

present by excess of AgN03 .

For the determination of gold and silver contained in cyanide solutions,

see Chap. XIX., and for the numerous other tests occasionally required in

a mill laboratory, see the references cited in the footnote on p. 344.

Cyanide Poisoning.

Treatment in Case of Cyanide Poisoning,

—

A. coating of oil or kerosene
{or rubber gloves) protects the hands from the action of the cyanide solution,

by which a rash is sometimes developed.

If cyanide solution is swallowed, anything that causes vomiting may
be administered, but the action of cyanide is extremely rapid and every
second is of value. Freshly precipitated ferrous hydroxide, made by mixing
•oxide of magnesium, caustic potash, and ferrous sulphate, is a useful anti-

dote. In the reaction which occurs ferrocyanide of potassium or sodium is

formed, which is innocuous. The antidote recommended in S. Africa ^

consists of 30 c.c. of a 23 per cent, solution of ferrous sulphate and 30 c.c.

of a 5 per cent, solution of caustic potash in separate phials. These are mixed
in a mug and 2 grammes of powdered oxide of magnesium stirred in and the
dose administered to the patient. The use of nitrate of cobalt and of sodium-
thiosulphate, both internally and as injections, have also been suggested.
Twenty minims (1*2 c.c.) or more of a 0*5 to 1 per cent, solution of cobalt
nitrate, or of a 5 to 10 per cent, solution of sodium thiosulphate, is re-

peatedly injected under the skin. Comparatively harmless cobalt cyanide
or sodium sulphocyanide are formed.^ As an alternative copious subcutaneous
injections of hydrogen peroxide are recommended. The patient may also be
rubbed with camphor and alcohol, or cold water may be dashed upon the
skin.

If hydrocyanic acid has been inhaled, an inhalation of ammonia, or
chlorine, or ether, should be administered, but respirators should be worn
in cases, such as in the acid treatment of gold slime, where evolution of

poisonous gases are probable. Park records the warning that in the acid
treatment of gold slime from arsenical ores, an evolution of arsenuretted
hydrogen may occur, and the inhalation of this gas is very deadly, no antidote
being known.

^

Potassium sulphocyanide is also exceedingly poisonous, and ammonium
thiocyanate in a somewhat less degree.^ The fumes of molten cyanide appear
to be more or less harmless.

^ J. Chem. Met and 3l7ig, &oc. of Africa, 1904, 4, 679.
* Dixon Mann and Brend, Forensic Medicine and Toxicology, oth ed., p. 578.
3 For further particulars on cyanide poisoning, see Band ^letallurgical Practice, vol i.,

p. 331 ;
Eng. and Mng. J., Nov. 3, 1906, p. 835.
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CHAPTER XVL

THE CYANIDE PROCESS. GENERAL METHODS.

The method of treatment may be conveniently considered as being divided

into five distinct operations, viz. :—

•

(1) Preparation of the ore for treatment.

(2) The cyaniding of sand.

(3) The cyaniding of slime.

(4) Precipitation of the dissolved gold.

(5) Conversion of the precipitated gold into bullion.

1. Preparation op the Ore.

In the treatment of gold ores by cyanide, the same mechanical difficulties

which had been met with in the chlorination process and in other leaching

processes soon presented themselves. It is necessary to crush finely, for

otherwise too great a proportion of the gold remains locked up in the larger

grains and escapes dissolution. Crushed ore and especially finely crushed

ore, however, is always found to contain a proportion of slime, and when this

is allowed to remain intermixed with the rest of the ore, the mixture resists

the passage of liquids through it. Many ores contain so much slime that a

bed only 12 or 15 inches thick cannot be leached at a reasonable rate, even

with a vacuum below the filter bed. Moreover, the gold is more readily

dissolved from slime than from less finely divided ore, and this constitutes

another reason for separating sand from slime. Such a separation has, there-

fore, become a part of the usual practice in cyaniding. Sand and slime are

treated separately with different appliances.

Primary crushing is generally effected in the stamp battery and secondary

reduction in tube mills (q.v.) or other machines'. Sand is crushed more finely

than formerly as a preliminary to treatment with cyanide. “ All-sliming

methods have also been applied.

The separation of sand from slime by means of classifiers has been dealt

with in Chap. XI. Some other methods in use are described below.

In places where the separate treatment of slime is not desirable, either

from its small quantity or from other reasons, the slime and sand are

thoroughly mixed before and at the time of charging them into the leaching

vat, but the results are seldom quite satisfactory. In India, according to
Alfred James,^ siliceous slime w^as, as a temporary expedient, dried in the
sun and then treated in the ordinary way by leaching.

Dry crushing was formerly much in vogue before the methods of treating

slime had been evolved. In dry crushing the sand and slime are kept mixed.
The ore must usually be thoroughly dried before being crushed, especially

^ James, Cyanide Practice, 1901, p. 82.
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if it is of a clayey or talcose nature. For drying furnaces, see above, p. 272.

It is necessary to dry at a low temperature to avoid partial oxidation of

sulphides by which cyanicides are formed. The ore is crushed by means of

rolls or similar machines (in which the formation of slime is reduced to a

minimum) or by stamps. Water and alkali washes are often necessary to

remove cyanicides.

In 1895, at the George and May Mill in South Africa, the ore was coarsely

crushed in a Gates crusher and dumped at once into leaching vats (Hatch
and Chalmers). About 75 per cent, of the gold was extracted.

Down to 1898, at the Waihi Mine, New Zealand,^ ore was dried in brick-

lined kilns, which were charged with alternate layers of wood and ore, crushed

in Gates crushers and stamps, and conveyed to the leaching-vats. The
vats were 4 feet deep, and the depth of the charge about 2 feet, as a greater

depth would have entailed difficulties in leaching. About 90 per cent, of

the gold was recovered, but the tailing was rich (5 or 6 dwts.), and the method
was superseded by wet crushing.

Dry crushing is employed before roasting, which has been mainly used
on sulpho-telluiide ores at Kalgoorlie and Cripple Creek (see p. 393). Before

leaf filters were introduced, oxidised clayey ores were sometimes roasted for

purposes of dehydration, by which they were rendered more granular and

/=>£/^A?/T C/RCi/LAT/OAf
0£ SOLi/T/OA/

Eig. 148.—Filter Bottom in Sand Vats.

leachable. Roasting before cyaniding must be complete, as ores containing

sulphides, when partially roasted (not quite ‘‘ dead ”) contain ferrous salts

and other cyanicides. It is noteworthy that unoxidised pyrite and sesqui-

oxide of iron, FegO^, the final product of roasting, are alike without efiect

on cyanide solutions, but all intermediate compounds are cyanicides. The
efficiency of roasting is tested by adding cyanide to a clear solution obtained
by shaking the roasted ore with water. If a discoloration appears the ore

still contains soluble salts, which will destroy cyanide and make foul solutions.

In ordinary practice ores are not roasted, but if they contain a fair pro-

portion of amalgamable gold, especially if some of the gold is not very finely

divided, they are treated by amalgamation before being cyanided. There
is now a strong movement in the direction of the omission of amalgamation,
especially in America. In this case a cyanide solution can be used in the
battery, and examples of the practice are given in the sequel. When ore is

crushed and amalgamated, the tailing is separated into sand and slime, the
sand is collected for treatment by percolation (p. 352), and the slime dealt

with as described in Section 3, p. 356.

^ Jas. Park, Tram, Amer. Inst. Mnr/. Eng,, 1899, 29, 66G.



348 THE METALLURGY OF GOLD,

In the Transvaal sand is collected for treatment in one of three ways :

(a) By hose filling.

(b) By the “ Butters and Mein ” pulp distributor.

(c) By the “ Caldecott ” continuous collecting plant.

(a) In hose-filling the underflow from the classifiers passes through pipes
and is fed into the collecting vats by one or more hose pipes, the position of

which is changed from time to time, in order to distribute the pulp evenly.
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The vats were formerly wooden, but are now constructed of steel, and are

from 25 to 50 feet in diameter and 6 to 9 feet deep. The sand settles to the

bottom and the slime and water overflow through discharge holes in the side

of the vat. The level of discharge is raised from time to time as the level of

the collected sand rises. When the vat is full, the residual water is drained

off through the filter bed at the bottom of the vat. The construction of the

filter bed is shown in Fig. 148.^ The collected sand is usually transferred to-

other vats for treatment with cyanide.

(b) The Butters and Mein distributor is shown in Figs. 149 and 150.2

It is an automatic revolving apparatus working on the principle of the garden

Schmitt, Band MctaUuTgical Practice, vol. ii., p. 203. ^ Op. cit., p. 205.
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sprinkler. Pipes of several different lengths conveying the pulp revolve

round a central spindle, and spread the pulp evenly over the surface of the

water with which the vat is filled. The sand settles to the bottom and accumu-
lates there, while the slime overflows at the top. The vat is filled with water

before sand collection is begun. The collecting tanks of the Champion Eeef

2 cyanide plant are shown in Fig. 151.^

I When the accumulation of sand in

the vat reaches nearly to the top,

the water is drained off and the ore

discharged by shovelling, or by
means of machinery, such as the

Blaisdell vat excavator (see p. 355),

in w^hich steel discs attached to

revolving arms push the sand
towards the centre of the vat. In
either case the sand falls through
apertures in the bottom into ore-

cars, or on to a travelling belt below.

The sand is now in a suitable condi-

tion for leaching, containing only

small quantities of slime. Some-
times the pulp collected in this way
is treated directly without removal.
In other mills, where the method of
‘‘ double treatment ” of the tailing is

.employed, the first solution of

cyanide is directly applied to these

vats, and, after draining, the pulp,

wetted with cyanide solution, is

transferred to the second treatment
vats. This has the advantage of an
additional aeration of the charge
during treatment. Double treatment
is made cheaper by using two super-

imposed vats. As already stated,

the usual method is to remove the

collected sand to the ' cyanide vats
for treatment.

The slime overflowing from the
collecting vats is treated with the
rest of the slime which has previously

been separated f]*om the pulp by
cone or other classifiers.

(g) Caldecott’s Continuous Collec-

tion.—In this method collecting vats
are not used and time is saved.

One arrangement is shown in Fig. 152.^ In this case sand from which
the surplus water has been drained on Caldecott's sand filter table
is charged into the treatment vat. In other arrangements now generally

d

S
too

=3

0

1

O

bO

hi

J
Reproduced with the i>ermissioix of the Cyanide Plant Supply Co.

" Rand Metallurgical Practice, vol. ii., p, 208.
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used the sand is mixed with cyanide solution in a hopper and forced

through pipes to the vat by a centrifugal pump. The sand filter table

is merely a de-waterer, and consists of a rotary filter bed wdth a vacuum

punipj and a stationary plough to remove the comparatively dry sand. The

Sand

Filter

Tables

at

Simmer

and

Jack

Mine,

1913.
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W. A. Caldecott. The tables are each 25 feet in diameter, with 3 feet breadth

of filter, and a daily capacity of 750 tons of sand. They receive the thick

sand pulp underflow from the diaphragm cone classifiers. The sand can be

collected, aerated and leached in the same vat when these tables are employed

and the dissolving of the gold by cyanide begins within half an hour of the

ore being crushed in the battery. For the collection of slime, see pp. 356, 360.

2. The Cyaniding of Sand.

This is efiected in round vats, constructed of wood, concrete, or mild

steel. If wood is used, it is covered with a coating of paraffin paint or a

mixtme of asphaltum and coal-tar. Concrete and brick vats are not now
advocated owing to their great cost and less convenient working, and wmoden

vats suffer more than iron and steel ones from exposure and from being

alternately emptied and filled.^ Steel vats are painted inside and out to

prevent rusting. The steel vats at the Jumpers Deep Mine are 40 feet in

diameter and 7 feet deep inside. The sides are of J-inch steel plate, and the

bottoms are inch thick. The plates are riveted together and strengthened

with angle iron at the top and bottom of the vat.

Wooden vats are made of staves, 4 to 6 inches wide and 3 inches or more
thick, held together by round iron hoops, with bottom planks 3 inches thick,

fitting into a slot in the staves. Sometimes in new mining districts square

tanks are built, as being cheaper and more easily constructed, but they do
not last long and are more difficult to keep tight.^

The dimensions of vats vary with the work to be done. In calculating

the capacity of a leaching vat, the volume of a ton of collected sand on the

Rand is taken as 21*5 cubic feet (C. 0. Schmitt), and that of transferred sand
as 26 cubic feet. When settled, clean Rand sand occupies about 23 cubic

feet per ton (Caldecott).^ On the Rand vats are from 25 to 65 feet in diameter,

and from 7 to 10 feet in depth. If the material to be treated is such that

percolation is difficult, the depth of the vat is kept small, and the diameter

made as large as possible. In the direct treatment of dry-crushed ores (see

p. 347), this is usually necessary, as they always contain some slime. A
depth of 2 or 3 feet of dry-crushed ore is usually as much as can be con-

veniently leached, and vacuum pumps are often added to expedite the work.

The vacuum may be obtained by a direct-acting pump, or by the use

of a large boiler, in which a vacuum is created by a Westinghouse or other

pump. As soon as the pressure in the boiler falls to about half an atmo-
sphere, it is connected with the aperture of the vat below the filter-bed.

The rate of leaching is often doubled by the diminution of the pressure,

below the filter-bed, to half an atmosphere, and in some cases it is increased

from or 1 inch to 7 or 8 inches of liquid (in the leaching vat) per hour.

The false bottom is usually a wooden framework, constructed of boards
pierced with numerous auger holes, or in larger vats of wooden slats crossing

each other. The framework is covered by cotton twill, canvas or cocoa-nut
matting, which are not so rapidly destroyed by the solution as they are in

the chlorination process. Thick canvas duck, resting on matting, forms a

1 J. Yates, Metallurgical EngiTieering on the p. 97.
® A. James, op. cit, p. 19.
® For the capacity of vats of various dimensions, see Maud Metallxmiical Practice, vol. ii.,

pp. 198 and 216.
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trustworthy filter-cloth. The filter-cloth is protected by wooden slats, which

prevent it from being injured by workmen’s shovels in clearing out the

-charge. The construction of a filter-bed is shown in Tig. 148.

An iron pipe communicates with the space below the false bottom, and
•conveys the liquid to the pumps or to the zinc boxes. The solution does not

.attack wood or iron
;
brass and bronzes are attacked and corroded rapidly.

The vats are filled to within a few inches of the top, and the charge is

levelled by means of hoes. The amount of ore charged in is such that, after

the solutions have been applied, the surface of the charge may stand at about
12 inches below the rim. In levelling the ore, the labourer must not step

into the vat or forcibly press down the ore, as irregular filtering is produced

by this cause. The shrinkage of the charge on the addition of liquid is from
10 to 18 per cent. The ore is charged in as dry as possible, but a few per

•cent, of moistm-e (up to say 15 per cent.) makes very little difierence to the

subsequent leaching.

The use of \vash-water to remove soluble salts is not required with fresh

tailing, and lime being now added in the battery, it is not often required

at this stage to neutralise acidity. A solution of lead acetate is sprinkled

on to the charge before it is transferred to the treatment vat. '' From 15 to

25 lbs. dissolved in water will be found sufficient to precipitate the soluble

sulphides from a charge of 750 tons of current sand ” on the Rand.^
The ‘‘ strong ” solution of cyanide is then run on. “ From 25 to 30 per

•cent, by weight of the charge of strong solution of 0T2 per cent. KCy will

be found sufficient to treat the majority of Rand sand, and also to keep

the solutions in circuit up to strength. The practice of closing the leaching

cock and allowing the solution to saturate the charge thoroughly has the

drawback of expelling the air. ... A better method is to pump sufficient

solution on to the charge to cover it to about a foot in depth, and as fast

as this solution leaches down, to follow with more until the desired quantity

has been added.” ^ The charge is then drained and air drawn through by
the vacuum pump.

The strong solution is usually conveyed at once to the zinc boxes, but it

was formerly preferred either to raise it and pass it through the charge again

(circulation method), or to transfer it to a second or even a third charged

vat before precipitating the gold. The advantage of these “ circulation
”

and “ transference ” methods is that the solutions become much richer in

gold than if they were only allowed to percolate through a single charge

of ore, and consequently they give a cleaner deposit on the zinc with much
less consumption of cyanide, the volume of solution passing through the

precipitation boxes being less. At the Mercm' Mine the circulation was
formerly kept up for from 24 to 240 hours, according to the speed of leaching,

the usual time being about 60 hours. At the Robinson Mine 20 tons of

solution covered the ore in a 75-ton vat, and were continually pumped back
into the same vat for 36 hours, and then passed to the zinc boxes. Such
methods are now abandoned, partly from fears of re-precipitation of gold

in the leaching-vat.

When the strong solution has drained away and aeration is complete,

the weak solution containing 0*02 or 0*03 per cent. KCy is run on. The amount
used is fom’ or five times as much as that of the strong solution. The weak

^ J. E. Thomas, Rarid Metalluruical Practice, vol. i., p. 161.
2 J. E. Thomas, ibid., p. 165.

23
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solution is drained ofi, and followed by a final wash with water or by am
extremely weak solution suck as waste liquors from the slime plant, in order

to remove cyanide and soluble gold as completely as possible.

The whole time of treatment in the sand vats on the Rand is seven or

eight days, and the ratio of solution to sand about two to one by weight

(Thomas).

Strength of Solutions .—Although the strong solution contains only 0*12 per

cent. KCy on the Rand, a strength of 0-5 per cent, or more is necessary in

the treatment of some ores, especially silver ores.

Stronger solutions were used in the early days of the process, but were^

found to be unnecessary. In 1895, Caldecott ^ made a series of experiments

on a working scale to test the dissolving powers of solutions of different

strengths. Five similar vats were charged with 34*03 tons of fresh slightly-

pyritic tailing of uniform composition from the Jumpers battery, con-

taining 100 grains of gold per ton. The treatment that each vat received

was exactly the same except that the strength of solution employed was
different in every case. To each charge, 15*31 tons of solution were added,

and circulated for three days, after which the solution was drained off and
displaced by 8*4 tons of wash-water. When the charges had drained dry,,

they were sampled, the result being as follows :

—

TABLE XXXII.

I. II. III. IV. V.

Strength of cyanide, per cent.

—

(1) Before treatment, 0-041 0-110 0-373 1-021 3-333

(2) After treatment, , 0*010 0-068 0-277 0-860 3*020

Loss of cyanide (lbs. per ton), 1 0*34 0-48 1-1 1-9 3-6

Extraction (per cent.), . I 83 84 83 85 S3

The stronger solutions may have dissolved the gold much more rapidly

than the weaker ones did although the final results were the same. The-

conditions under which the experiments were carried out prevented that

point from being determined. Since, however, it takes two or three days
in practice to wash out soluble salts from Transvaal tailing, there is little-

or no real advantage to be gained by dissolving the gold quickly. Crosse-

also found 2 that almost equally good results were obtained by treating:

rich Bonanza tailing with solutions containing KCy varying in amount
from 0*1 to 0*5 per cent., the time of treatment being twenty-four hours.

For the composition of ordinary working cyanide solutions used on the
Rand, see p. 407.

Sumps .—The solutions, after passing the zinc boxes, are stored in sumps,
which are now usually large steel tanks. These may be placed either at a
lower or a higher level than the leaching vats. The former is the more con-
venient plan. A single storage tank to hold enough solution for one day’s
work is then placed above the leaching tanks, and is filled by pumping from
the sumps once a day. In the alternative, a single sump of moderate size

^ Caldecott, J. Chem. Met. and Mng. iSoc. of S. Africa,, 1896, i, 293.
2 A. F. Crosse, ibid., p. 326.
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receives the liquid from the boxes, and as soon as it is nearly full its contents

are pumped to a large vat above the leaching tubs.

Disposal of the Tailing .

—
^This is sometimes sluiced out of the tanks by

water under pressure. Where the supply of water is not large, or the fall

of the ground is insufbcient for sluicing out the tailing

—

e.g., on the Rand

—

it is removed by shovelling out or by the Blaisdell excavator. The

Pig.

154.

—
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vats are fnrnislied with doors in the bottom, which are usually circular,

constructed of steel, and about 16 inches in diameter. The sand falls into

trucks, which are hauled to the dump, or on to a conveyor belt. On the

Eand the sand residue from several mills is now returned underground into

old workings to prevent subsidences.^ It may be transported by pumping
through pipes or on trucks, as at the Eobinson Deep (see Fig. 154, which

is from a photograph kindly supplied by Dr. Caldecott). Here the sand

is dumped from the trucks into an inclined (20°) tunnel and sluiced down
with water and a solution of permanganate of potash as cyanicide supplied

from the dissolving box in the left foreground.

Samples of the issuing solutions are taken for assay during treatment,

and samples for assay of the residue are taken from the ore-trucks, usually

by means of a long iron semi-circular probe, shaped like a cheese-taster,

which is thrust to the bottom of the vat, then revolved by means of the handle,

and withdrawn with the tailing adhering to it.

Figs. 155 and 156 ^ show a simple form of a cyanide plant for the treatment

of sand.

3. The Oyaniding of Slime.

The most useful definition of slime is probably that given in Chap. X.

on p. 230, A good definition given by H. A. White^ describes .slime as
“ that portion of crushed ore which, owing to its minutely subdivided

condition and the presence of colloidal substances, settles very slowly in

water and cannot be leached without extra pressure.” The slime separated

from sand by the methods given in Chap. XL and on p. 348 is Suspended

in water, and to promote its settlement a solution of an electrolyte, in

practice always lime, is added. This causes agglomeration or flocculation

of the particles, “ clouds of large and indefinite diameter ” are formed, and
these (][uickly subside in the liquid. The largest flocks, according to White,

are produced with an alkalinity of about 0*03 per cent. In practice with

an alkalinity of not more than 0*005 per cent., Eand slime settles at the rate

of 2 to 4 feet per hour with a clear overflow. Heat assists settlement.^

There are two principal methods of slime treatment, viz. :

—

A. The decantation method, used in South Africa, but in course of dis-

placement by B. A modified method, counter-current decantation, is

now being used in America.

B. Agitation and slime filtration used elsewhere in many forms.

These are described in succession below.

A. The Decantation Method.—Lime is added to the stream of slime on
entering the slime plant. Among the devices for adding the lime may be
mentioned the use of a grinding pan, into which lime is fed, and out of which
it is carried by a small stream of water as milk of lime. Ordinary Eand
pyritic banket requires about 6 lbs, of lime per ton of slime, in addition to

that fed into the stamp mill. The slime enters the collecting vat, which has
a conical bottom, and may be 50 feet in diameter, through a vertical pipe

1 Caldecott and Power, J. Chem. Met, muL M'lVj. Soc. ofK Africa, Sept. 19X3.
2 Gowland, Non-Ferrous Metals, p. 218.
2 White, Rand Metallurgical Practice, vol. i., p. 189, where a full discussion on slime is

given.
^ A. Salkinson, J. Chem. Met. ami Mtig. Soc. of S. Africa, 1907, 7, 403 ;

also 1908, 8, 142.
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entering from above in the centre of the vat. Tke stream is delivered below

the surface, and strikes a baffle plate, whicK spreads it out borizontalij.

Air bubbles pass up through a second larger pipe or sleeve, which surrounds

the feed pipe. The slime settles and clear water overflows the rim of the vat

all round, into a launder, at the same time that thin pulp is entering through

the feed pipe.

When the collecting vat has received its charge of settled slime, the super-

natant water is drawn ofi through a decanter (see Fig. 157),^ which consists

of a hinged pipe so arranged that the height of its intake can be adjusted

to a point near the surface of the settled slime. The slime (in which the

ratio of solid to liquid is about 1 to 1) is then sluiced out through the apex

of the conical bottom by means of a jet of cyanide solution, and carried to

a pump, by which it is delivered tangentially into other vats, giving the

charge a rotary motion, so as to mix it thoroughly and keep it in suspension.

The ratio of solution to solid is now about or 4 to 1. The strength of the

solution is 0*01 or 0*02 per cent. KCy and 0*004 to 0*02 per cent, free alkali.

About 80 per cent, of the gold is dissolved in the passage through the

pumps, but agitation is continued for a few hours by withdrawing the

solution at the bottom and discharging it in oblique jets at the top. In

the alternative, the charge may be transferred to an intermediate vat, and
thence to the fiTSt settlement vat. Lead acetate solution is added to the charge

Dowling, Rand Metallurffical Practice, vol. i., p. 217.
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in the collecting vat in oi'der to precipitate soluble sulphides. Aeration is

effected by air drawn into the pumps and by air bubbles carried down by
the sludge entering the vats. The solution also becomes aerated in passing

through pipes and pumps.
After the gold has been dissolved, the slime is allowed to settle, the solu-

tion removed by decantation, and the pulp sluiced out into the second settle-

ment vM, with ‘‘ precipitated solution ” which has been through the zinc

boxes and still contains some gold and cyanide. This second wash is used

again for the first treatment of the next charge. The settled slime, still con-

taining about one-sixteenth of the dissolved gold, is then diluted and dis-

charged to the dam. Settlement of slime is facilitated by the use of warmed
working solutions, for which purpose waste steam is commonly employed

(Caldecott).

The first solution is clarified by being passed through a sand filter vat

or Johnson filter press {qn).), and then goes to the zinc boxes. Filter presses

are being superseded by sand filter vats for this purpose. The solutions are

generally heated (say to 86° F.) by waste steam. Centrifugal pumps are in

general use.

Although the gold in slime fresh from the battery is very readily soluble

in cyanide solution, it is quite otherwise with slime which has accumulated

in dams and settling pits and has been exposed to the weather for some
time. The presence in these materials of finely divided ferrous sulphide,

ferrous hydroxide, and other ferrous salts and decomposing organic matter

gives rise to the rapid abstraction of oxygen from the cyanide solutions

used in their treatment, and the solution of the gold is in this way absolutely

prevented. Even in fresh slime some ferrous sulphide, produced during

the crushing in the battery, may be present, as Caldecott has shown that

this substance is produced by triturating pyrite in a mortar. The obvious

remedy for this difficulty is to supply oxygen artificially, either in the form
of air delivered into the agitation pump, or in the form of an oxidising agent,

such as potassium permanganate, a method now abandoned. In 1897 Calde-

cott ^ applied air passed through perforated pipes in the bottom of the vat
to the oxidation of accumulated slime, and experimented in the use of the

air-lift for slime treatment as a means of agitation.

The Usher process^ or Adair-Usher process is a modification of the

decantation process, by which it is made more continuous. The charge is

collected and the gold dissolved as usual, but after settlement has proceeded
so far that there are 3 to 6 inches of clear solution above the slime, decanta-
tion is begun and at the same time precipitated solution is added through
horizontal perforated pipes at the bottom of the charge. The barren solution

displaces the gold solution which rises upwards through the slime, and is

drawn off at the top. Theoretically more dissolved gold should be extracted
with less solution by this method than by ordinary decantation.

The decantation method described above has several disadvantages.
It requires a number of large vats and much space, and the slime is discharged
still containing 6 or 7 per cent, of dissolved gold. The residue is, therefore,
unduly rich, and the filtration processes described in the next section are
preferable in this respect, as they separate 98 per cent, or more of the soluble
gold. Besides this, the amount of gold solution requiring precipitation

—— m— ——-

J
Caldecott, J. Chem. Met. anti Mng. Soc. of S. Africa, July, 1897, 2, 100.
Adair, J. Chem. Met. and. Mng. Soc. of S. Africa, 1908, 8> ;

Dowling, Ra^id
Metallurgical Practice, voL i., p. 225.
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yielded by the decantation method is about 3 tons per ton of slime, whereas

by filtration 2 tons or less of gold solution are produced.

Dr. W. A. Caldecott observes that for Rand slime— in general the

n-dvantages of vacuum filtration increase with the value of the slime treated,

but assuming with vacuum filtration the same capital expenditure on plant

as for a decantation plant of equal capacity, 4 per cent, higher recovery,

and 3d. per ton higher working cost, it would follow that for slime above
1*5 dwts. in value vacuum filtration is preferable to decantation, and has

the advantage of being independent of fluctuations in the rate of settlement

due to variations in temperatoe between summer and winter. In either

oase the ordinary slime collecting vats are employed and the residue dis-

oharged by pump as pulp.”

Eleven vacuum filter plants were in operation on the Rand in June, 1914.

A later method of continuous decantation, reminiscent of the Usher
process, has been made possible by the success of the Dorr thickener {q.v.),

and has been developed in North America. The method is usually called

eounter-Giirrent decantation. The pulp is washed in a series of thickeners,

being diluted after thickening and transferred to another thickener, and lastly

goes to a vacuum filter, which, however, has been omitted in some mills

where the solution itself is low in cyanide and contains small metal values.^

The method is in use at some mills at Porcupine, Ontario, and elsewhere.

The advantages and limitations of the method are discussed by H. St. J.

Brooks, 2 who considers it inapplicable to ores in which the greater part of

the gold and silver is locked up in sulphides, so that long-continued agitation

with cyanide is required to dissolve the metals. High-grade ores requiring

strong solutions are also unsuitable. He wmuld apply the system to low-

grade siliceous ores requiring solutions of only moderate strength, and finish

with filtration.

B. Treatment of Slime by Agitation with Cyanide and Filtration.—The
difficulty in the filtration of slime is that even a thin layer of slime packs
down and offers great resistance to the passage of liquids. A pressure much
greater than that of the atmosphere is required, and in practice layers of

^ inch to 1 inch are used with vacuum leaching or layers of 2 to 3 inches with

pressmes of 40 to 100 lbs. per square inch given by pumps. An enormous
area of filtering smdace is required for operations on a large scale, and this is

obtained by using a number of parallel plates or leaves placed side by side.

The dissolution of the gold is eas}^ and rapid, and is usually effected by
agitation with cyanide, although some exceptions are noted below.

When slime is forced against a filtering smdace either by the pressui'e

of the atmosphere (vacuum filtration) or by direct and higher pressure, the

slime forms a coherent and approximately homogeneous layer or cake, through
which liquids pass almost evenly. There is little tendency for the formation

of channels, and so washing is complete and satisfactory with little water.

Warwick discusses the matter as follows :
—^ “ In removing the soluble

values from slime cakes, the principle of displacement is used rather than
the laws of continuous or repeated dilution.” In cakes of uniform per-

meability the wash-water would pass through like a wall pushing the gold-

bearing or ‘‘ pregnant ” solution before it. In practice a wash equal in volume

^ H. A. Megraw, Eng. and Mng. J.^ May 2^ 1914, p. 1061
;
also Oct. 17, 1914, p. 683.

^ Brooks, Mng. and l^ci. Press, April 26, 1913, p. 624.
3 A. W. Warwick, Mng. Eng. World, 1913, 38, 660, 797, 1135; Mnieral Industry, 1913,

p. 347.
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to the moisture in the cake and filter leaves will remove 80 to 85 per cent,

of the dissolved gold from the slime cake. In order to recover 98 per cent,

of the dissolved gold, a volume of wash equal to 1*5 to twice that of tho

retained solution must be used. To avoid increasing the volume of mill

solution unduly, the larger part of the wash consists not of water but of

barren solution, low in cyanide. This results in a residue low in gold but^

containing some cyanide, which is thrown away with the residue.

The filter smiace is usually vertical, but the slime cake forms and gradu-

ally thickens or builds up on the canvas, adhering well so long as the vacuum
is maintained. Some material builds up a slime cake readily and quickly

—

e.g., 1 inch thick in a few minutes—^but with argillaceous or talcose slime the

building-up is slower. If cracks form in the cakes, washing becomes impos-

sible, as the liquid follows the line of least resistance.

In filter-pressing, the pulp to be filtered is thickened, in order to make
settlement inside the presses less likely to occur. Such settlement would
imply the formation of non-homogeneous cakes, with the result that the

washing would not be uniform.

There are many difterent slime filters in use, and sufficient time has not

yet elapsed for the best types to drive the others from the field. Several

well-known varieties are described below.

Thickeners.—It is necessary that slime should be de-watered or thickened

before it is treated in agitators. One method of doing this is by settlement

in large vats, as described above on p. 357. The appliances for de-watering

sand (cones, filter table, etc.), are obviously not suitable for slime. One
successful slime de-waterer in wide use is the Dorr continuous thickener (see

Tig. 158).^ This consists of a vat from 20 to 35 feet in diameter and from
8 to 12 feet deep, in which a central vertical shaft, reaching nearly to the

bottom, and carrying four radial arms, revolves slowly. Pieces of angle iron

attached to the arms are so placed that they move the settled thickened

pulp to the centre of the bottom of the vat, where it is discharged through
a pipe. The thin pulp flows into the tank at the centre, just below the surface,

and the clear liquor overflows continuously at the periphery over a lip or

through perforations. The shaft can be raised and lowered while it is running.

At the Liberty Mill in 1908, where the size of the vat was 33 feet by 10 feet,

the speed was 4*8 revolutions per hour, the feed was 120 tons solid and 660 tons

solution, and the discharge at the bottom contained the 120 tons solids and
288 tons of liquid, or in the ratio of 1 to 2*4. It is claimed that a ratio of

1 of solid to 10 of water can be reduced to a ratio of 1 to 1| in continuous
work or of 1 to 1 in intermittent work. The theoretical advantages of the
method of thickening by removing slime at the bottom as fast as it accumu-
lates there are discussed by H. G. Nichols.^

Agitators.—The method of agitation in the decantation method is described
above, p. 357. It consists in withdrawal from the bottom of the vat and
delivery at the top by centrifugal pumps. In Western Australia, revolving-
arm or paddle agitators were used. “ In these it is not possible to use a
thick or very sandy pulp, and in the majority of them air is introduced into
the pulp, generally by an air jet at the bottom of the vat, but in some cases
in small jets along the agitator paddles, it having been delivered through
the hollow shafting of the agitator gear. The smaller sizes of these mechanical

^ Gowland, Non-Ferrous Metals, p. 245.
^ Nichols, Trans. Inst. Mn<j. and Met., 1908, 17, 293.
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agitators are often arranged so that the stirring gear can be raised out of

the puipj \Yhen a stoppage is imperative.” ^

Modern agitators may be classified as follows :

—

1 . Air agitation—
The Brown agitator.

The Parrai vat.

The Just agitator.

2. Solution jet agitation

—

The Trent vat.

3. Screw propeller agitation

—

The Hendiyx agitator.

Other forms, such as the Dorr agitator, are in use.

THJCK SDME piSCHAROe:

Fig. 158.—Dorr Continuoiis Thickener.

The Brown Agitator or Pachuca Tank.—This agitator was introduced in

New Zealand in 1902, and afterwards adopted at Pachuca, in Mexico. Such
vats are also known as air-lift vats. In this type of vat the agitation is

efiected by lessening the specific gravity of a central column of pulp, by the

introduction of air at just such a pressm^e as will overcome the pressure of

the column at the point of introduction ” (Gowland). In Pig. 159 ^ is shown
a vertical section of a Brown agitator. It consists of a tall cylinder of steel

of great height in comparison with its breadth, and conical at the bottom.

Inside the cylinder is a smaller central pipe, B, extending to a point near the

^ E. Allen, J. Cliem. Met. and Mng. Soc. of S. Africa, 1911, II, 428.
^ Gowland, Non-Ferrous Metals, p. 246 ;

F. C. Brown, Mng. and Sci. Press, Sept. 26, 1908.
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bottom. Air is introduced into this central pipe tbrougb tbe internal pipe,

D, wkick discbarges at G througli a rubber valve. C is a second air pipe

outside the tube. It serves to keep the pulp in motion during the filling

and discharge of the vat. The pipe, E, is used for supplying solution, water
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adjustable splash plate, Q, is fitted near the top of the central tube. The
slime pulp is fed through the pipe P. The discharge after agitation takes

place through a pipe with a stopcock shown close to the apex of the cone.

The vats are of various shes, such as 45 feet in height and 15 feet in diameter.

The method of working is as follows :—As soon as the tank is filled wfith

Y

Fig. 160.
—

“ Brown ’’ Agitators at the East Rand Proprietary Mines,

Johannesburg.

slime and solution, air is turned on in the pipe D, and as it bubbles up through

the central tube it lightens the column of pulp inside and rapidly lifts it,

causing it to overflow. Presh pulp is drawn in at the bottom, and a perfect

circulation is given.

In starting up old charges, or those that have been allowed to pack, the
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material at tLe bottom of the cone is softened by the introduction of water

or solution through the wash-ring F, so that it may be readily lifted

through the tube B or upcast column
;

or a suspended pipe with com-

pressed air jet may be left to bubble in the packed centre tube until it works

its way down to the cone, when agitation quickly becomes general.^ The
use at the Treadwell Mine of a “ Spider or adjustable hollow annular casting

with radiating fingers is described by W. P. Lass.^

In beginning agitation, the air pressure required is considerable, but when
circulation is fully established, the air pressure falls off, and to avoid excessive

circulation the quantity of air is kept moderate in amount. As originally

used, the Brown agitator was intermittent in its action, but more recently

four to six vats have been placed side by side, and worked continuously as

a series.^ In this case pulp is continuously fed into the first one near the

entrance to the air-lift, and is drawn off into a pipe placed about midway
between the air-lift and the periphery of the vat, and conveyed to the

second vat, and thence in succession to the others. After passing through

the series of four vats, the pulp is discharged to the filter plant.

Fig. 160 is from a photograph of the Brown agitators at the East Band
Proprietary Mines, Johannesburg.^ These four agitators are stated to be
continuously agitating 1,600 tons of slime a day for an extraction of 97 per

cent.

The Parral Vat (Fig. 161) ^ has a fiat bottom and two to four air-lifts

near the periphery of the tank instead of one at the centre, as in the Pachuca
tank- In this way vats of greater diameter and capacity are made possible.

An elbow or turn is fixed to the top of the air-lift pipe, and the pulp is

delivered circumferentially so that the contents of the vat acquire a

rotary motion, which is designed to avoid the settling of solids, and assists

agitation. The Parral vat is generally made of less height than the Pachuca
tank.

The Just Agitator .^—In this agitator air from a blower is introduced

through a special porous brick or “ silica sponge floor in the bottom of

the vat, agitating 9 feet of pulp above it. The bricks are not so porous
that the slime can pass through them. The agitator was introduced at

Guanajuato, Mexico, about 1910. The silica sponge soon became clogged

with lime salts.

The Trent Vat ^ is also flat-bottomed. Circulation is efl’ected by drawing
off the thin slime from the top of the tank and forcing the liquor by means
of a centrifugal pump through a central pipe (see Fig. 162) ^ to near the bottom
of the tank. The central pipe has four arms or pipes radiating from it, which
are fitted with short jet pipes or nozzles inclined downwards toward the
bottom of the tank. The pressure of the solution and slime discharging-

through these restricted nozzles causes the arms to revolve at a speed sufficient

for thorough agitation. Air is admitted to the suction part of the pump

^ J. E. Alley, Miif/. anil HcL Pms, July 27, 11)12, p. 118.
2 Lass, ihicl, Oct. 21

, 1911, p. 517.
2 Mennell and Grothe, Mineral Incluatrt/, 1909, p. 348 ;

Kuryla, Grotlie and Lamb,
Mineral Iiidustri/, 1910, p. 302.

^ By courtesy of the Cyanide Plant Supply Co.
5 Gowlancl, Non-Ferrous Metals, p. 248. See also Enq. and Mnn, Feb. 21, 1914,

p. 422.
® Tram. Amer. Inst. Mng. Enq., 1910, 41 , 371.
7 Enrj. and Mng. J., May 21, 1910, p. 1000.
® Gowland, op. cit., p. 249.
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througli a small valve, and the top of the tank presents a seething efier-

vescent surface.’’ The arms revolve within a few minutes after starting

Fig. 161.—Parral Vat. Fig. 162.—Trent Agitation Vat.

the pump, even after the slimes have been allowed to settle for several hom*s.

The Trent vat was introduced at Tonopah, Nevada, in 1910. Continuous
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treatment in Trent agitators at the West-End Mill at Toiiopah is described

by J. A. Carpenter.^

The Hendryx Agitator (Fig. 163)2 intended for the treatment with cyanide

of sand and slime or of the pulp from tube mills without classification. It con-

sists of a cylindrical tank with a conical bottom. In the centre of the tank is

a well or tube, as in the Pachuca tank. In the well is a hollow shaft carrying

a number of screw propellers, and driven from the top by a driving pulley.

These raise the pulp in the well and so circulate the contents of the vat. The

well has a circular apron at the top, which slopes gently towards the cir-

cumference, thus spreading out the overflowing pulp in a thin sheet, so that

it is aerated by contact with air. A coil of steam pipe in the vat serves to

raise the temperature of the charge if that is required.^, The agitation requires

more power than other machines, but clogging owing to stoppages does not

take place.

^

The Dorr Agitator (Pig. 164) can he affixed to any flat-bottomed vat.

Fig. 164.—Dorr Agitator.

It consists of a central vertical cylinder carried by a shaft supported from
the top of the tank and equipped with two arms carrying ploughs, as in the

Dorr thickener, which travel round near the bottom of the vat and draw
the pulp to the centre. The pulp is raised through the cylinder by an air-lift

and distributed evenly over the surface of the charge in the vat by revolving

launders. The air pipe for the lift is inserted through the bottom of the

vat.

The arms are hinged so that they can be raised and stand close to the

cylinder during a shut-down. On beginning again, they are lowered by

^ Carpenter, Mn{/. and Press, May 3, 1913, p. 64(5.

2 Gowland, Non-Ferroiis Metals, p. 2-60.

!
® L. D. Bishop, West. Cliem. and Met., vol. iii., p. 187 ;

Mineral Industry, 1907, i). 544.
^ Mng. Mag., Sept. 1912, p. 228.
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degrees until the settled pulp has been brought into suspension, so that

there is no danger of the arms being broken. The Dorr agitator is said to-

be well adapted for continuous agitation, as the vat cannot become partly

filled with settled sand during agitation. The tanks used {e.g., 30 feet diameter

by 12 feet deep) are of small depth, so that the air pressure required is smalL
The arms revolve at from 1 to 4 revolutions per minute.

Filtration of Slime.— Slime filters are classified by G. J. Young as

follows :
—

^

I. Vacuum or suction filters.

A. Appliances using a thin slime-cake and practically continuous

in their action (Oliver and Ridgway filters).

B. Appliances using a thick slime-cake and intermittent in their

action (Moore and Butters filters).

II. Pressure filters, in which greater pressure is used than is possible

with vacuum filters.

C. Ordinary filter presses (Johnson and Dehne presses).

D. Sluicing filter presses (the Merrill filter press).

E. Filtering chambers or cylinders
;

filters in which the filtering

basket is enclosed in a cylinder (Burt, Kelly, and Sweetland
filter presses).

III. Centrifugal filters. (No examples of these are given.)

Brief descriptions of most of these filters are given below.

The Moore Vacuum Filter,^—This is the oldest of the vacuum slime

filters. It consists of a series of parallel plates or leaves. Each leaf is simply

a light framework with canvas on both sides, and is of great dimensions,

20 feet by 4 feet, or later 16 feet by 5 feet. A suction pipe and also two-

pressure pipes communicate with the interior. When a vacuum is formed
the canvas sides are prevented from collapsing by wooden strips and wire

netting. A number of these leaves (49 in later practice) are hung (4 inches

apart) from a steel frame, forming a “ basket ” or unit. The basket hangs

by cables from an overhead traveller, and can be raised or lowered. The
suction pipes communicate with one main pipe.

In operation the filter basket is lowered into the vat containing the thin

slime, so as to be submerged, and the vacuum pump started. The slime is

agitated to prevent settling. After one or two hours a cake of slime of f inch

to 1 inch thick is formed on both the outer surfaces of each leaf, and during

this time the pump is continuously discharging clear gold solution. The
basket is then lifted out of the vat and transferred to a vat containing weak
cyanide solution, which is drawn through the cakes for washing purposes

for twenty minutes. The washing is finished by ten minutes’ immersion

in a vat of wash-water with continuous pumping. The basket is then lifted

out and run over the discharge hopper, and after the cakes are dry the suction

is for the first time discontinued and a blast of air forced into the leaves,

1 Young, Mng. and Sci. Press, Oct. 28, 1911, p. 552 ; Trans. Amer. Inst. Mng. Enq.^

1911, 42, 752.
2 Mining Reporter, Denver, Nov. 12, 1903 ;

Eng. and Mng. J., Dec. 5, 1903, p. 855;
Chem. Met. and Mng. Soc. of S. Africa, 1903, 4, 758.
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by which the waste slime-cakes are dislodged and fall into ore trucks. The

arrangement of the vats is shown in Fig. 165,^

The Butters Filter ^ also consists of a number of parallel plates or leaves,

but they remain stationary in a filtering vat. Thin pulp after agitation is

run into the vat, and as liquid is withdrawn by the vacuum pump more pulp

is added. When cakes of slime | to 1 inch thick have been formed on the

canvas leaves (inside which cocoa matting is placed), the pulp is run off

and succeeded by barren solution or water for washing as in the Moore filter.

When washing is complete, the cakes are detached by water pressm‘e from

within and, disintegrating in the water, are carried away when it is run off.

The canvas filtering surfaces in both these filters become clogged wdth

calcium salts in course of time, and this is removed with dilute (2 per cent.)

hydrochloric acid. Both these filters are of great efficiency. Sometimes a

lower vacuum gives better results than a higher one.

The Butters filter installation at Brakpan Mines, Transvaal, is shown
in Fig. 166.^ This plant contains 336 filter leaves, and has a capacity of

1,200 tons of dry slime per twenty-four hours. The cost of operation is about

3d. per ton, the slime assays 2*6 dwts., and the average extraction is 95*5 per

cent. Air-lift vats are in common use with vacuum filters on the Band.
The Ridgway Filter,^—This machine consists of 12 or Id- cast-iron hori-

.zontal filtering frames, which are in the form of sectors of a circle. They are

suspended from hollow arms which radiate from a central hollow revolving

column, and also run on rollers at the periphery. The frames revolve in a

shallow annular trough divided by partitions into three compartments, one

filled with slime pulp and the second with wash-water, whilst the third is the

discharge chamber. The under side of the frames is the filter surface, and is

1 Gowlaiid, Non-Ferrous Metals^'p. 252.
2 Mineral Industry^ 3.906, p. 411 ;

Mng. and Sci. Press, June 22 and 29, 1907.
3 From a photograph kindly supplied by Mr. F. L. Bosqui.
^ Mineral Industry, 1907, p. 540

;
Gowland, Non-Ferrous Metals, p. 255.
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covered witli filter cloth. The frames revolve with suction on, dip into the

slime pulp and take on the filter cake of to f inch in thickness, rise over the

elevated portion and pass to the solution part of the trough, the valve being

automatically changed
;

here they suck solution through the slime cakes,

pass over the second elevated portion (the valve changing automatically to

compressed air) and discharge the slime cakes into the third part of the trough.

24

Fig.

166

.

—

“

Butters

”

Slime

Filter

at

Brakpan

Mines
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then again making the cycle as described. The total cycle requires 60 seconds,

of which about 13 are in pulp, 30 in wash solution, and 17 on the raised

portions of the track and in discharging. Each frame has a filter surface

of 4 square feet. The machine has a capacity of 30 to 60 tons per day
;

it

is shown in Eig. 167.^ In practice its use is limited by the small filtering

smdace to the treatment of slime which can be rapidly filtered, as, if longer

than fifteen seconds are taken for cake formation, the output of the machine

is too small. There is also no opportunity of increasing the wash period

with the grade of material to be treated. In these respects it is inferior

to the Moore filter and to the reciprocating Ridgway filter, an improved

form described below.

The Recipromlmj Ridgiowy Filter}—In this machine a set of twenty

vertical filtering frames are suspended together, and are lowered into a sliine

pulp vat and kept there until the frames have received a cake of about 1 inch

in thickness. The frames are then lifted out and rapidly immersed in

a washing vat for the necessary time, after which the cakes are discharged.

This machine is shown in Fig, 168,® as installed at the Great Boulder Mine,

West Australia. The cakes are being lifted from the pulp vat to the washing

tank.

It is claimed that it is the rapid means of transferring the cake to the

solution that constitutes the advantage of the filter, “ as it is practically

impossible to hold a heavy roasted sulphide cake on for more than sixty

seconds without the appearance of cracks.”

The Oliver Filter ^ consists of a drum containing the filtering area, which is

situated on the peripheral surface or cylinder. The drum is revolved once

every five or six minutes on horizontal trunnions, and is partly submerged in

pulp, the level of which reaches above the centre, so that the filter surface is

submerged for three-fifths of a revolution. The filter surface is divided into

24 compartments, and under the influence of a vacuum a slime cake of | to

^ By courtesy of the Cyanide Plant Supply Co.
2 Mnfj. and Set. Press, June 28, 1913, p. 993.
^ By courtesy of the Cyanide Plant Supply Co.
^ A. H. Martin, Mng. and Sci, Press, Nov. 27, 1909, p. 715; G. A. Tweedy and R. T.

Beals, Trans. Atncr. Inst. Mnej: Ewj., 1910, 41, 324.
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I inch thick accumulates on the canvas. On emerging from the tank the

•cake is partly dried and then washed by sprays. Finally, the vacuum is cut

off and air pressure applied inside the filter, the cake is detached, and assisted

by a water spray slides down over a scraper into a launder. The filter surface

then immediately enters the slime pulp again.

The Hunt Continuous Sand Filter^ is a stationary horizontal annular

filter bed partly consisting of sand. The filtration, aided by a vacuum, takes

place downwards, and a mixture of sand and slime is treated. After being

washed, the mixture is scraped of! and discharged.

Ordinary Filter Presses .—^An example of one of these is shown in Fig. 169,

in use on sulpho-telluride slimed ore. In these presses the action is inter-

mittent. A number of parallel filter leaves are clamped together, and the

^ Industry, 1908, p. 454.
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slime pulp is forced by pressure into the spaces between the filter cloths^

when the liquid passes through the cloths and the slime forms a layer on

their surface. The slime cakes accumulate until they are 2 or 3 inches thick.

When washing is complete, the cakes are partly dried by compreised ah*,,

and the press is then opened and the cakes discharged. Pressures of 45 to*

100 lbs. per square inch have been used. The output per press is about
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8 or 10 charges in 24 hom*s. A press of standard size has 50 chambers, each

40 inches square, and will hold 9,000 lbs. of dry slime. Two types are known
as the ‘‘Chamber'’ and “Frame” presses.^ In the former the plates are

kept apart by flanges, and in the latter by separate frames. The Dehne
p'ess, belonging to the frame type, has been largely used in Western Australia.

In this press (Fig. 170)^ there is a number of cast-iron plates, with a hollow

frame between each two plates. Filter cloths are hung over the corrugated

smdace of each plate. Two kinds of plates are used, marked A and B respec-

tively in Fig. 170. The pulp is passed into the spaces within the frames,

/, between the two filter cloths, through which the solution passes. When the

spaces are filled with pulp, wash liquor enters from the channel, h, and is

forced horizontally through both filter cloths and the pulp between them
and passes out through cl.

The Merrill press ® has corrugated plates and hollow frames, placed alter-

nately as in the Dehne press. The slime pulp enters each frame tkrough a

feed channel at the top, B (Fig. 171). The solution or wash-water is drawn
ofi through the channels, C- The distinguishing feature of the Merrill press

is the removal of the slime cake by sluicing

instead of by opening the press. The
sluicing water under a pressure of 60 to

90 lbs. per sq. inch is introduced through
the pipe, H, which has a sluicing nozzle, I,

opposite the central plane of each frame.

In Fig. 171, D is the partially sluiced slime

cake, E is the filter cloth, partially removed
to show the corrugated filter plate, F, and
G is a horse-shoe clamp for holding the

filter cloth against the filter plate. The
pipe, H, slowly rotates round its axis

through an arc of nearly 180°, backwards
and forwards, so as to direct the jet of

water in all directions inside the pulp

chamber. As the cake is washed away by
the jet, the mixture of slime-residue and
water flows into the channel underneath
the sluicing pipe and through the outlet

cocks to the waste conduit below.

There are two varieties of Merrill filters—(1) the “ solid filling ” press,

in which the compartment is filled with slime cake and the wash-water
passes through the whole cake, as in the Dehne press, and (2) the “ partial

filling ” or “ centre washing ” press, in which filling is stopped when the

cake consists of two equal portions
; one of these adheres to the filter cloth

on each side, with a vertical space between them extending from the

top to the bottom of the frames. The wash solution is then forced

into the central space, and passes through the cakes from the centre

outwards.

The Merrill press is sometimes used as a treatment press, see below,

p. 412.

Eig. 170.—Deline Filter Press

(Section).

^ Julian and Smart, Gyaniding Gold and Silver Ore^, X^- 236.
2 Julian and Smart, ibid., p. 239.
3 Mineral Industry, 1905, p. 284 ; M. EWe, Minas and Minerals, Mar. 1907.
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Examples of the use in practice of some of tlie agitators and filters

described above are given in Chap. XVII.

4. Peecipitation of the Gold.

This is effected by means of zinc either in the form of shavings or dust.

Electrical precipitation, the charcoal method, and other methods have now
been discontinued, but are briefly described below.

Precipitation by Zinc Shavings.—^These are freshly turned on a lathe

just before use, and kept dry to avoid oxidation. The material is sometimes
called filiform zinc ” or “ zinc thread.” The shavings form a light spongy
mass easily traversed by the solution and presenting a large surface for

precipitation. The shavings are to thickness and of no
great width, but are sometimes 2 or 3 feet long. They weigh from 6 to 15 lbs,

per cubic foot in the boxes, and are so fine that they can be ignited with a
match, burning to zinc oxide. One pound of zinc inch thick exposes

an area of 28 square feet (E. H. Johnson),

Since 1898, on the Band and in many mills elsewhere, the new zinc going

to the extractor boxes is immersed in a solution containing about 10 per

cent, of acetate of lead. The zinc soon acquires a dark-coloured hue, due to

a coating of precipitated lead, and it is then transferred to the extractor

boxes and at once covered with solution to prevent surface oxidation, which
occurs very rapidly on exposing the couple to the air. The lead-zinc coit-ple

is more active in precipitating gold than zinc alone, and is especially required

for weak and low-grade solutions. It also rapidly removes copper from the

solution, and so prevents the plating ” action of copper on zinc shavings,

which is a source of trouble in weak solutions if ordinary zinc is used. Any
excess of the lead acetate added to sand and slime charges to precipitate

soluble sulphides tends to keep the zinc active by forming fresh coatings.

Lead is also sometimes contained in zinc dust, and lead acetate solution is

added to the mixing device in zinc dust precipitation. An objection to the

use of lead is that it contaminates the bullion and requires removal.

The shavings are placed in steel troughs, the zinc-boxes,” which are

divided into compartments by partitions. They are supplied with baffle

boards, which cause the solution to flow upward through the shavings. Argali

uses boxes in which the solution flows alternately downward and upward
through the zinc, entering the first compartment at the top. Fig, 172 shows
a steel extractor box stated to be one with ten compartments.^

Fig. 173, from a photograph kindly supplied by Dr. W. A. Caldecott,

gives a general view of the interior of the extractor house at the Knight’s

Deep and Simmer East Joint Plant, Transvaal.

The shavings are supported on wire-screen trays, formed of |-inch or

J-inch iron wire gauze, so that the finely divided, precipitated gold falls

through to the bottom of the trough, while the unaltered zinc remains on the

sieve. The trays are removable and furnished with handles so that they

can be lifted out. The bottom of each compartment slopes towards one

corner, where there is a plug hole through wMch the gold slime is washed
in cleaning up. The zinc boxes are fitted with lids and kept locked.

There are usually about ten compartments, of which the first and last

^ Schmitt, Band McicOi nralciO. Practice, vol. ii., p. 265. Schmitt’s illustration, reproduced
in Fig. 172, appears to shou' twelve compairtments.
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Zinc,

Calcium carbonate,

Gold, .

Cyanogen,

Sulphur,

Iron,

Residue,

39*1 per cent.

36-7 „

44 „

3-5 „

2-6 „

24 „

6-0 „

94-7 „

The calcium carbonate was probably deposited in the boxes chiefly from
suspension in the solution, the gangue of the ore mainly consisting of

limestone.

In cleaning up the precipitate from gold solutions it is profitable to separate

as much gold from the zinc as possible, to avoid locking up values in the zinc

boxes. Zinc containing gold is accordingly not returned to the boxes. It

is otherwise with silver solutions. In the treatment of silver ores, the pre-

cipitate often contains from 60 to 75 per cent, of silver, as it is more profitable

to return as much zinc as possible to the boxes, even at the cost of locking up
silver in them. The saving of zinc more than compensates for the loss of

interest in this case.

Precipitation by Zinc Dust.—In this process zinc dust (“ zinc fume ” or

blue powder ”) is agitated with gold solution and the precipitate separated

from the impoverished solution by filter pressing. It was introduced by
H. L. Sulman at Deloro, Canada, in 1894,^ and at the Mercur Mine, Utah,

in 1896.^ It was developed at the Homestake Mine in 1906-1908,^ and has.

since spread widely.

Analyses of a number of samples of zinc dust are given by W. J. Sharwood.'^

Those used in gold precipitation contain from 85 to 95 per cent, of metallic

zinc, 3 to 10 per cent, of zinc oxide, which is harmless but inoperative, and
usually 2 or 3 per cent, of lead, which is advantageous. Zinc dust is rapidly

oxidised in moist air. It should be so fine that about 95 per cent, will pass

a 200-mesh sieve and contain no lumps. Full details of testing zinc dust

for use in the cyanide process are given by Sharwood.

The earlier method of using zinc dust was to run the solution into large

vats of considerable depth, agitate with compressed air and sprinkle dust

into the charge. Precipitation was complete in about fifteen minutes, and
the solution was then passed through filter presses. In the filter press, the

solution continued to act on zinc accumulated from previous charges, and
this feature is retained in the Merrill plant described below. The air agitation,

however, tended to defeat its own object, one efiect being to redissolve

the gold.

Later practice is typified by the Merrill plant. One form of this as origin-

ally used at the Homestake Mill is shown in diagrammatic form in Fig. 175,^

^ Sulman, J. Soc. Chem. Ind., 1897, l6, 961 ;
Tram. Fed. Imt. 31nr/. Enrj.^ 1897, 1 5* 417-

2 G-. A. Packard, J. Chem. Met. andMng. Soc. ofS. Africa, 1899, 2 , 720.
3 A. J. Clark, ibid., 1909, 9 , 222.
^ Sharwood, Mng. and Sci. Fress, May 11, 1912, p. 659 ;

Cyanide Practice, 1910-1913,

p.403.
3 Gowland, Non-Ferrous Metals, p. 262.
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times a month, and is often coincident with di*essing. As a rule, only the

first three compartments are cleaned up. The solution is displaced by clean

water, and the latter drawn ofi down to the level of the wire gratings. The
screens containing the undissolved shavings are lifted out and the zinc-gold

slime, remaining at the bottom of the boxes, allowed to run out by with-

drawing a plug in the bottom of the box, and drained through a 20- or 30-mesh

screen, which retains a small part only. After the residue has been gently

rubbed on the screen and well washed, it is put back again into the first

compartment of the box, on the top of fresh shavings, as it consists mainly

of small pieces of unconsumed zinc. The shavings proper are thoroughly

washed and rinsed on a sieve to separate the gold slime as closely as possible,

and are returned to the zinc boxes. Short rotten zinc containing gold is not

now usually returned to the zinc boxes.

In large plants, the zinc shavings may be washed in Thomas’s trommel,^

a cylinder with screening which can be fitted in a compartment of the zinc

box. Zinc shavings are put into the trommel, w’hich is immersed in water

to a depth of one-third of its diameter and rotated.

The gold slime is run into a small filtering vat, or more usually into a

press of the Johnson type, where it is w^ashed and sent to the acid tanks,

or partly dried for fluxing.

The richness of the dried precipitate depends on the strength of the

cyanide solution, and on the time of contact as well as on the quantities

of base metals which are present in the solution. By the prolonged action

of the cyanide, the zinc shavings become partly corroded and disintegrated,

so that the precipitated gold is- mixed with zinc debris. Ordinary com-
mercial zinc contains a considerable proportion, generally over 1 per cent.,

of lead, and a small quantity of carbon, besides other impurities, such as

arsenic and antimony. Since the introduction of the lead-zinc couple, the

proportion of lead has risen to about 5 per cent. All these impiuities accumu-
late and are collected with the gold.

According to C. Butters and J. E. Clennel,^ the pans in use at the Kobinson
Works contained about 5 or 6 gallons of dried precipitate or gold slime, which
might contain as much as 150 ozs., or as little as 20 ozs., of gold. A little

silver was also contained in it, the remainder being chiefly zinc and lead,

with smaller quantities of tin, antimony, organic matter, etc. The average
composition of dried gold slime in South Africa was at that time approxi-
mately as follows :

—

Gold and silver, . . . . . 10 to 20 per cent.

Zinc, 30 to 60 „

Base metals, silica, alumina, oxides of iron,

etc., 20 to 40 „

The Hanauer Smelting Company found the. precipitate from the Mercur
Mine to contain the following substances :

—

^

^ J. E. Thomas, J. Ckem, Met. and Mng. Hog. of H. Africa, 1903, 4, 315.
2 Butters' and Clennel, Eny. ai\d Mny. J., Oct. 15, 1892, p. 365.
^ C. W. Merrill, ibid., Nov, 5, 1892, p. 440.
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Zinc, ........ 39*1 per cent.

Calcium carbonate, . . . . . . 36*7 „

Gold, 4*4 ,,

Cyanogen, . 3*5 „

Sulphur, 2*6 „

Iron, . . . . . . . . 2*4 „

Residue, . . . . . . . 6*0 ,,

94*7 „

The calcium carbonate was probably deposited in the boxes chiefly from
suspension in the solution, the gangue of the ore mainly consisting of

limestone.

In cleaning up the precipitate from gold solutions it is profitable to separate

as much gold from the zinc as possible, to avoid locking up values in the zinc

boxes. Zinc containing gold is accordingly not returned to the boxes. It

is otherwise with silver solutions. In the treatment of silver ores, the pre-

cipitate often contains from 60 to 75 per cent, of silver, as it is more profitable

to return as much zinc as possible to the boxes, even at the cost of locking up
silver in them. The saving of zinc more than compensates for the loss of

interest in this case.

Precipitation by Zinc Dust.—In this process zinc dust (“ zinc fume ” or
“ blue powder ”) is agitated with gold solution and the precipitate separated

from the impoverished solution by filter pressing. It was introduced by
H. L. Sulman at Deloro, Canada, in 1894,^ and at the Mercur Mine, Utah,

in 1896.^ It was developed at the Homestake Mine in 1906-1908,^ and has.

since spread widely.

Analyses of a number of samples of zinc dust are given by W. J. Sharwood. ^

Those used in gold precipitation contain from 85 to 95 per cent, of metallic

zinc, 3 to 10 per cent, of zinc oxide, which is harmless but inoperative, and
usually 2 or 3 per cent, of lead, which is advantageous. Zinc dust is rapidly

oxidised in moist air. It should be so fine that about 95 per cent, will pass

a 200-mesh sieve and contain no lumps. Full details of testing zinc dust

for use in the cyanide process are given by Sharwood.

The earlier method of using zinc dust was to run the solution into large

vats of considerable depth, agitate with compressed air and sprinkle dust

into the charge. Precipitation was complete in about fifteen minutes, and
the solution was then passed through filter presses. In the filter press, the

solution continued to act on zinc accumulated from previous charges, and
this feature is retained in the Merrill plant described below. The air agitation,

however, tended to defeat its own object, one effect being to redissolve

the gold.

Later practice is typified by the Merrill plant. One form of this as origin-

ally used at the Homestake Mill is shown in diagrammatic form in Fig. 175,^

^ Sulman, J. Soc. Chem. Ind., 1897, 961 ;
Tram. Fed. Imt. Mng. Fng., 1897, I5» 417.

2 Gr. A. Packard, J. Chem. Met. and Mng. Soc. ofS. Africa, 1899, 2, 720.
3 A. J. Clark, ibid., 1909, 9. 222.
^ Sharwood, Mng. and Sci. Press, May 11, 1912, p. 659 ; Cyanide Practice, 1910-1913,,

p. 403.
® G-owland, Non-Ferrous Metals, p. 262.
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.and is described by Clark and Sbarwood.^ Tbe dry zinc dust was fed con-

tinuoiisly by a travelling belt into a mixing cone, where it was agitated with

.a small stream of barren solution, by means of compressed air forced into

the cone, and an emulsion formed. The emulsion overflowing by a side pipe

near the rim of the cone w^as delivered at the base of the suction column of

.a pump, the contact of the zinc and the gold-bearing or “ pregnant ” solution

taking place during the elevation of the solution from the sump to the presses.

It Avas found, however, that a deleterious precipitation of calcium carbonate

took place in the mixing cone, owing to the introduction of air.

Fig. 175.—^Merrill Precipitation Plant.

Agitation with air is now omitted, and a continuous feeder shown in Fig.

176 ^ is used instead of the mixing cone. In this, the zinc dust is conveyed
from a hopper. A, by means of a revolving feeder to a mixing cylinder, E,
where it is carried by a small stream of solution, entering at C, to the

1 Clark and Starwood, Trans. Inst. Mnrj. and Met., 1913, 22, 126-132: A. J. Clark,
Mn(f. Mag., 1911, 4. 289.

* A. J. Clark, Mng. Mag,, loc, cit., otJ. Chein, Met, and Mng. Soe. of S. Africa, Sept.
1911, 12, 103.

J J J ^ i
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pump-suction, no air being used to assist in the mixing. It is generally

the practice to maintain a drip of a solution of lead nitrate or acetate to

the feed pipe carrying the zinc emulsion, to obtain the advantage of the

lead-zinc couple. Merrill filter presses of triangular section (see Fig. 177)
^

are used, the solution entering at the lowest point or apex of the triangle.

The mixing takes place partly in the upcast pipe and partly in the press.

D

Pig. 176.—Todd Zinc-Dust Feeder, Homestake.

The filter cloth consists of two thicknesses of twilled cotton. The clean up
takes place once a month, when the press is opened and the filter cloths

scraped and burnt or washed and replaced.

The details of the results at the Homestake Mill are summarised as

follo'ws :—

^

Clark, Mng. Mag.^ April, 1911, 4, 291. 2 Clark and Sharwood, loc. oit.
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In September, 1911, taking sand and slime plants together, 0-535 ton

of solution per ton of ore was precipitated
;

the consumption of zinc dust

was 0-165 lb. per ton of solution, or 0-089 lb. per ton of ore, or 1-84 lbs. per

oz. of gold precipitated
;

the assay of the pregnant solution was $1,867 per

ton, and that of the barren solution was $0,026 per ton. (The value of 1 dwt.

of gold is $1,033.)

It has not yet been shown whether zinc in the form of dust or of shavings

is more advantageous for precipitation generally. The consumption of zinc

dust is about equal to that of shavings, but it costs less per lb. The pre-

cipitation is about equally efficient in the two processes, but with the exercise

of great care and skill better results and a higher grade precipitate can be

obtained with dust than with shavings. The clearest advantage of the use

of zinc dust is that all the precipitated gold is cleaned up and brought to

account, whereas with shavings part always remains in the boxes for a future

Fig. 177.—Triangular Merrill Filters for Gold Precipitate.

clean up. The difficulty of the “ white precipitate ” is avoided, and copper
in the solution is not prejudicial when zinc dust is used. By the Merrill

system, too, the zinc is always kept from the air when wet, and surface

oxidation is thereby prevented. On the other hand, the short time of contact
and the incompleteness of the zinc-lead couple formed in zinc-dust precipi-

tation are against its adoption in dealing with very dilute or poor gold
solutions.

Precipitation by Zinc Wafers.^—This was introduced at the Caveira
Mine, Portugal, in 1907. Some advantages are claimed.

Precipitation by Aluminium.—The first practical application of aluminium
(originally proposed by Moldenhauer in 1893, see p. 339) was in the form
of dust, and was made at Deloro in 1908, and by Kirkpatrick ^ and E. M.

^ J. S. MacArthur, J. Okem. Met. andMng. Soc. of S. Africa, Jan. 1913, 13 , 310.
2 S. F. Kirkpatrick, Eng. mid Mng. J., June 28, 191^ 1277.
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Hamilton/ working on silver solutions in 1913. At Nipissing, Ontario,

Hamilton used Merrrill’s zinc dust mackinerj with modifications necessitated

by the fact that it is difficult to wet aluminium dust, and that even after it

has been wetted it tends to rise to the smdace and float as a thick scum.
The emulsifier is omitted, and the aluminium is agitated with the solution

in tanks by means of paddles or screw propellers. The precipitation occupies

from 10 to 15 minutes, and the solution then passes to filter presses. The
consumption of aluminium is about 0*02 lb. per oz. of silver (or about 1 part

aluminium to 3*5 parts of silver), and cyanide is regenerated. The presence

of caustic alkah is necessary (see also p. 393). Some special constituents in

the solutions at Cobalt (possibly due to the presence of arsenic) prevented
the use of zinc there. A difficulty in the use of aluminium shavings caused

by the formation of quantities of insoluble alumina is at least in part due
to the action of the air, and does not seem to occm' in the aluminium dust

method described above.

Electrical Precipitation.—The Siemens-Halske 'process,^ using iron anodes

and thin lead sheets for cathodes, was used on the Hand in certain mills from
1894 to 1899, but was abandoned after the introduction of the lead-zinc

couple. Its disadvantages were its failure to eflect complete precipitation,

from 0*3 to 0*5 dwt. gold being left in solution, and the large amount of by-

product, containing variable amounts of gold, formed by the decomposition

of the iron anodes. (It may be recalled that the ions of ELAuCy2 ^
AuCy2 ,

so that insoluble cyanide of gold tends to appear at the anodes.)
‘‘ It is said to serve as an excellent means of removing copper from solution

prior to the precipitation of the gold on zinc shavings ’’ (Caldecott).

In a later modification of electrical precipitation used at Minas Prietas

and elsewhere,^ a heavy current density of 0*3 to 0*8 ampere per sq. ft. was
used or 10 to 100 times as much as that used in the Siemens-Halske process.

The gold is deposited as a black slime, which can be wiped ofl the cathodes,

which are of tinned iron. The anodes are peroxidised lead plates or graphite.

Perfect precipitation is not obtained, and Lamb suggests that the method
should be supplemented by zinc precipitation. The advantages are the

avoidance of foul solutions (because base metals are precipitated by the

current) and the regeneration of cyanide. “ The process is still in use in some
plants.” ^

The Molloy,^ Pfleger,® and Pelatan-Clerici processes were also electrical,

but were not found to be satisfactory, and are only of historical interest.

In the last-named process the precipitation took place on amalgamated
copper plates simultaneously with dissolution, without separation of ore and
solution, and in that respect is similar to the Gilmour-Young process,® in

which, however, the precipitation on mercury was chemical, and was effected

by the use of a mixture of amalgams of zinc and copper, without the aid of

a current of electricity.

Precipitation by Charcoal.—Charcoal was formerly used^ in a number
of small plants in Victoria. The charcoal is placed in small tubs, or in boxes

^ Hamilton, Eng. and Mng. J., May 10, 1913, p. 93o.
2 A. von Gernet, J. Chem^. Met, and Mng. Soc. ofS. Africa, 1894, I, 28.

3 M. R. Lamb, JE-uf/. a^id Mng. J., April 3, 1909, p. 705.
4 H. A. Megraw, Eng. and Mwj. J,, June 20, 1914, p. 1232.
3 Julian and Smart, njinridorin Gold and Silver Ores, 1st ed., p. 158. s

p, 159 ,

I Bosqui, The </ •.'. ,'•<> /'.-..'y 1899, p. 136-
s A. James, Tr--r>-. . 1 /;.:,'. and Met., 1898, 7* 63.
3 J. I. Lowles, Trans. Inst. Mng. and Met., 1899, 7» 190-

25
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resembling ordinary zinc boxes, and tlie solution passed in succession thi’ougb

a number of these. The precipitation of gold is said to bear no relation

to the strength of cyanide, but no mention has been made of the precipi^

tation of gold from solutions containing less than 0-04 per cent, of KCy.
The sump liquors may contain as little as 3|- grains of gold per ton. The
clean-up methods are similar to those employed in connection with the

chlorination process. The cost is supposed to be about double that of pre-

cipitation by zinc.

When the charcoal becomes ineffective with use, it is re-burned (see above,

p. 343). “ The use of charcoal may be reasonably recommended in cases

where a limited quantity of tailings have to be treated which contain base

metals, such as copper, zinc, etc.” ^

5. Production of Bullion from the Precipitate.

Various methods have been suggested for effecting the elimination of the

zinc and other base metals. The chief ones are

—

{a) Direct fusion with fluxes.

(b) Roasting, followed by fusion.

(c) Treatment with acid, followed by fusion with or without roasting.

(d) Reverberatory furnace lead fusion and cupellation (Tavener

process), often preceded by acid treatment.

(e) Blast furnace lead fusion and cupellation.

[a) Direct Fusion.—This method was used in the early days of the

cyanide process, but is now superseded, except perhaps in certain cases

where high-grade precipitate is produced. The slime is dried in iron pans

or merely by air-blowing in a filter press. If the zinc has been imperfectly

separated from the slime, nitre must be added. Other fluxes, such as borax,

carbonate of soda, sand and fluorspar are always added.

The slag, which consists of sihcates of zinc, soda, etc., corrodes the pots

rapidly. Large quantities of zinc oxide are given off as fumes, forming thick

crusts in the flues, and evil-smelling products of decomposition of the cyanides

are also evolved. The bullion produced by this method varies in colour

from iron grey to pale yellow, and cannot be obtained uniform in composi-

tion, so that accurate assays are difficult to obtain.

The results of analyses made on three ingots of bullion produced in this

way in South Africa, and shipped to London, are appended :

—

TABLE XXXIII.

I. IT. IIT.

Gold, 60-3 61*7 72*6

Silver, 7*3 8*1 9*2

Zinc, 16-0 9-5 7*1

Lead, 7-0 16*4 4*9

Copper, 6-5 4-0 4-8

Iron, 2-2 0'3 1*4

Nickel, 2-0

100*0 100*0 100*0

^ H. A. Megraw, JStig. and Mug. J., June 20, 1914, p. J234. See also M. Green, Tram.
Inst. Mng. and Met., 1913, 23, 65.
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The slags obtained in this way are always rich in gold, part of which
is sometimes in the form of shots, and may be recovered by crushing and
panning. The crushed slag is then fused again with the addition of granu-
lated lead, or of litharge, when all the gold is concentrated in the lead.

If the lead thus obtained is granulated, it can be used again until rich enough
to be worth cupelling.

When by the careful use of a 40-mesh screen, followed by the squeezing

•of the slime in a filter bag, the zinc has been almost all eliminated by
mechanical means, very little nitre is required. According to James,^ the

zinc can be reduced to about 1 per cent., and bullion obtained 960 fine in

gold and silver without the use of nitre, roasting, or acid. The dry slime

is fused in graphite pots with about half its weight of borax, a little

sodium carbonate, and sand or fluorspar, if necessary. The proportion of

the fluxes must, however, be determined in each case by experiment. It is

necessary to form a fluid slag, but it is difficult to avoid pasty slags in the

presence of much zinc, and hence acid treatment is preferred.

(b) Roasting followed by Fusion.—The dried slime is spread in a thin

layer on iron trays, and heated to a barely-perceptible red heat in the flue of

a furnace, or above a special grate under a hood. The carbon, zinc, arsenic,

•etc., igiflte readily, being in a very fine state of division, and roasting proceeds

regularly without much stirring, which would tend to cause loss through
dusting. Dense fumes of zinc oxide are given off, and the residue consists

•chiefly of the oxides of lead and zinc with gold and silver and a variable

quantity of sand. A little nitre is sometimes mixed with the wet slime to

.aid in the oxidation of the base metals. Fusion with fluxes is carried out as

in the previous case. The bullion produced is said to be about 800 fine on
the Rand. The method, like the one previously described, appears to have
been discarded, owing to the loss by dusting, which was always an unknown
•quantity.

(c) Acid Treatment.—In this process, which is of almost universal appli-

cation, the zinc is dissolved in sulphuric acid and the residue dried and
smelted. Hydrochloric acid is occasionally used, on account of its solvent

power on lime and lead. The wet slime from the filter press is charged into

.a large vat and sulphuric acid is then added a little at a time, the strength

used being from 10 to 15 per cent. On the Rand the slime was added little

by little to the acid. Violent action ensues, and the fumes are highly poison-

ous, sometimes containing arsenuretted hydrogen, and must be carried off

by a good draught with the aid of a hood. Cold, water may be added to

moderate excessive action. The effervescence is at first great and the vat

must be deep to prevent frothing over.

Where white precipitate (q.v.) is present in the boxes in considerable

quantity, special precautions are taken on the Rand,^ including (a) emulsi-

fication of the white product and avoidance of the formation of greasy lumps,

..and (b) long contact, say 12 hours, with hot acid in excess. Some of the

•coarser zinc is then reserved to neutrahse the acid. The treatment im-

proves the value of the calcined slime. Care is taken that the solution

.shall be sufiiciently dilute to prevent the separation and crystalhsation of

ZnSO^.THaO. To aid in this the charge is sometimes heated by steam, and
must be occasionally stirred. For this purpose a two- or a four-armed

^ James, Trans. Inst. Mng. and Met.^ 1895, 3, 404.
2 H. A. White, /. Chem. Met ami Mng. Soc. of S. Africa^ Sept. 1914, 15 * 50.
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stirrer is provided. The vat is made of wood, which may be lined with

lead, and is usually from 6 to 10 feet in diameter and 5 or 6 feet deep on the
Rand. The vat is closed with a lid in which is a charging hole and a pipe

for the escape of the gases.

J. E. Thomas and G. W. Williams have shown ^ that sodium bisulphate-

is a cheaper and more convenient solvent than sulphuric acid for zinc.

The use of bisulphate of soda is now general on the Rand. There is less

tendency to boil over, but a larger plant and an extra vat for dissolving

the bisulphate are required.

After treatment with acid the slime is settled, washed with hot water,

and separated by decantation or by a vacuum filter or a filter press. It is.

then dried, calcined and fused in the usual way.
The following analyses of slime, after treatment with acid at the

Brodie Works, Cripple Creek, Colorado, are given by W. R. Ingalls :
—

^

TABLE XXXIY.

I. II. III.

Gold, ....
Silver, .

.=*
.

Silica, ....
Lead, ....
Copper oxide, .

Zinc oxide,

Lime, ....
Ferric sesquioxide, \

Alumina, . . j

‘

Sulphur trioxide,

49-85
9-54

15-60

3-

00
5-58

0-14

0-51

4-

00

11-32

26-18
6-84

10-00

Trace
8-11

31-80

5-

32

6

-

80

4-80

23-60

6-00

6-60

Trace
6-40

41-50

0-03

9-26

6-45

99-54
1

1

1

99-85 99-84

In Nos. II. and III. the treatment with sulphuric acid was very incom-
plete. Ingalls states that in fusing these slimes No. I. would require about
50 per cent, of sodium carbonate and 25 per cent, of borax, but silica in
addition would be required by the others.

The analyses in Table XXXV, show the composition of acid-treated and
calcined precipitate obtained on the Rand.

In No. IV., made by A. Whitby,^ the organic matter, including insoluble
cyanide compounds, was not determined. The high percentage of silica

was said to be due to blown sand. In No. V./ given by W. A. Caldecott,
some lead existed as sulphate. The slime was from the Robinson Deep
Mill. Nos. VI. and VII., made by G. W. Williams,^ are of slimes from the
East Rand Proprietary. No. VI. is before and No. VII. is after calcination.
No. VI. also contained from 7 to 10 per cent, of ferrocyanides (K^EeCye).
About half the sulphur was present as PbS, which was oxidised in the ensuing
calcination.

Thomas and Williams, J. Ohem. Met. and Mng. Soc. of S>. Africa, June, 1905, 5, 334.

;

Ingalls, Mineral 1895, p. 336.
*

Johnstm and Caldecott, J . Ckem. Met. and Mng. five, of S, Africa, July, 1902 3 , 47.
-T. K. Rose, Trans. Inst. Mwj. and Met., 1905, 1

4

, 400. s hoc;, clt.
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TABLE XXXV.

XV.
1

V. VI. VII.

Au, .... 34-50 34-0 36*07 37-3

Ag, .... 4-75 4-3 3-5 3-7

Zn, .... . . 7-o0 6-16

ZnO, . . . 7 -00 22*5

Pb, .... 12 *o0 ' 20*81 26*60

PbO, ....
i

15*6

Cu, .... 2*00 1 2*46 2-5
' CuO, .... 1 0-7 ^

' • *

,

Fe, .... 1 . .

"

0-02 Trace
FeaOg, .... 3*65 ' 2-9

;

Ni, .... Trace Trace
NiO, .... i-’oo !

6*7

SO„ .... i 6-95 6*8 6-3 13
-’7

SiOa, .... 21-00
1

7-0

1

12-6 16-2

1

93-90 ! 95-0

i

i

1

89-26

j

i

99-56

Tlie prepared gold precipitate is raelted in graphite crucibles with clay

liners, and poured into conical moulds (see pp. 427, 433). Even after

roasting, the precipitate appears to contain reducing substances, and
an osidiser is added, which is still often nitre. This does not readily

oxidise lead, and the use .of manganese dioxide was introduced in 1902

by Johnson and Caldecott.^ It readily oxidises lead, but carries more
silver into the slag than nitre does, and an excess is therefore avoided.

If the slags pass to the Tavener furnace the silver is saved there.

Other fluxes are sand, borax and sodium carbonate, the latter being

especially useful if much zinc is present. Fluorspar is sometimes added.

On some mines, fluxes and manganese dioxide are not necessary, but a

cover of borax and sand is added.^ The precipitate and fluxes are mixed,

sometimes in a rotating machine, and are charged into the crucible by
degrees, more being added as the charge melts and sinks down. There is

some loss by dusting due to making an intimate mixture, and the practice

is now obsolete (H. A. White).

A flux used on the Rand is given by E. E. Meyer as follows :
—

^

Acid-treated dried slime,

Borax,

Sodium carbonate.

Fluorspar, .

Manganese dioxide,

Sand, ....

45

1

7

2

15

This gave bullion from 875 to 900 fine.

^ Johnson and Caldecott, J. Chem. Met atid Mng, Soc. of S, Africa, 1902, 3, 46.
2 H. A. White, ibid., Sept. 1914, 15 . 51.

3 E. E. Meyer, Chem. Met and Mng. Soc. of S. Africa, 1905, 5, 169.
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Flux charges given by MaoFarren are as follows :
—

^

Precipitate, .

Borax glass,

Sodium carbonate,

Silica, .

100 parts.

12 to 30 „
6 to 15 „

3 to 8 ,,

If the fluxes are in suitable proportions the slag is fluid and glassy andl

contains, after panning, about 20 ozs. of gold per ton, which is recovered by|

fusion with litharge. The buttons from the conical moulds, which are some'!

times as much as 100 ozs. in weight, are remelted in plumbago crucibles and;

cast into ingot moulds. The precipitate is sometimes melted in Faber dul

Four tilting furnaces,^ fired with coke, oil or gas, and remelted in crucibles.'

The bullion prepared as above may be as high as 985 fine in gold and silver,!

and should not be lower than 850 fine. It is sometimes brittle from the

presence of zinc, etc. The loss in roasting and subsequent handling is estimated

by Bettel to be from 0-01 to 0*025 per cent., or less than |d. per oz.
'

The method of converting precipitate into bullion in use at the Princess

Works, Transvaal, in 1897, has been described by E. H. Johnson, as follows :
—

^

The slime is transferred direct in buckets from the zinc boxes to a filter

vat, 6 feet in diameter, and filtered by a vacuum-pump through closely-

woven canvas, the clear liquid being returned to the boxes. Water is then

added and pumped through until all soluble cyanides have been removed,,

and the slime is then baled out (being weighed in the buckets during the

process) into a sheet-iron tray. A closed vat, fitted with a stirring apparatus,

is then charged with dilute (1 in 10) sulphuric acid, 1 lb. of concentrated

acid being added for each pound of moist slime, the agitator is started,

and the slime added little by little through a hopper, the fumes being carried

away by a 3-inch pipe. After ail the slime has been charged in, the agitation

is continued for half an hour, and the hopper and sides are then washed
down, the agitator washed and removed, and the vat filled with water and
allowed to settle. No heat is used, except that caused by the mixing of strong

sulphuric acid with w^ater in the vat and by the action on the slime. The
clear liquid is siphoned off, and washing by decantation repeated four or

five times, the washings containing about 13 grains of gold per ton of solution.

The gold residue is then dried in enamelled iron dishes, roasted gently in

sheet-iron trays, and then ground, mixed with fluxes, and transferred to the
crucible. The charge fuses quietly with little fume, yielding bullion amounting
to 50 to 60 per cent, of the weight of the slime. The average fineness in

1896 was 821*9, and the slags assay 23 ozs. per ton, but only 0*2 per cent,

of the gold is locked up in this w'ay.

In cleaning-up on the Band by modern methods the gold contained in

the by-products, such as pots, liners and slag, should not exceed 0*5 per cent,

of the gold produced, and in some cases is less than 0*25 per cent.^

Crucible tilting furnaces are coming into use for melting precipitate. They
have the advantage that the crucible remains in the furnace during pouring,

whereas in the stationary furnace the crucible is usually lifted out for pouring,,

although the charge could be ladled out. The result is that the crucible is.

^ MaoFarren, Cyanide PraGtice, p. 187.
2 For description, see Gowland, Mmi-Fcrrous Metals, p. 181.
® Johnson, J. Chem. Met. and Mng. Soc, of Africa, June 19, 1897, 2, 73.
^ H. A. White, J. Chem. Met. and Miig. Soc. ofS. Africa, Sept. 1914, 15, 51.
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cooled down before being replaced in the furnace, and does not last so long

as in the tilting furnace. The melting is also more quickly done in the tilting

furnace, in which oil or gas is used as fuel
;
on the other hand, tilting furnaces

are more expensive to install.

Oil-fired tilting reverberatory furnaces without crucibles are used at the

Tonopah-Belmont Mill ^ for melting precipitate without previous acid treat-

ment. The precipitate contains 74 per cent, of gold and silver.^ The cost

of treatment is very low (Odd. per oz.), and for a large plant such furnaces

seem to be more suitable than crucible tilting fmmaces, the cost of fuimace
liners being less than that of crucibles, and the labour costs lower.

Electric furnaces are also sometimes used for smelting precipitate.^

(d) Tavener Process.—In this process the precipitate is smelted with
litharge, fluxes and coal in a small reverberatory (or “ pan ”) furnace, and the

auriferous lead cupelled. It was originally introduced ^ with the intention

of avoiding acid treatment, but is now generally used for acid-treated slime.

The charge for the pan furnace is approximately as follows ;
—

^

Gold slime, . . 100 parts

Litharge,

.

TOO /
(Varied to produce bullion con-

” \ taining 7 to 10 per cent. gold).

Assay slag, . . 55 „
Coal dust, . 10 „
Sihca, • 25 „
Iron (any scrap), . 13 „

The damp charge is put into the warm furnace and covered with some
of the litharge. The fire is then lighted and the charge slowly melted, and
the iron scrap afterwards added to clean the slag. Washes of litharge and
coal are also used. When action ceases, the slag is run ofi through the slag-

door into slag pots and the lead tapped into moulds.

The lead pigs are cupelled in an English cupellation furnace until a cake

of gold-silver is obtained on the cupel. The cake is broken up while hot,

and the pieces melted in crucibles and cast into ingots. The fineness of the

bullion is 960 to 980 in gold and silver, and the losses small.

The slags from the pan furnace are smelted for lead with other by-products,

such as assay slag, old cupellation tests,” old crucibles, filter cloths, extractor

house sweepings, etc. This is done either in the pan fmnace itself or in a

small blast furnace,® and the lead bullion so produced is cupelled.

(e) Blast Furnace and Cupellation.—Instead of a reverberatory furnace

a small blast furnace is used for smelting gold slime in most of the plants

installed by C. W. M^errill in America."^ The method at the Homestake Mill

is typical of this practice.® Here the precipitate is partly dried, mixed with

fluxes and briquetted. The briquettes are dried and the rich ones added to

the lead bath in the cupel furnace. The lower grade material is smelted with

by-prodncts in an ordinary water-jacketed lead blast fmnace wuth three

tnyers, and the lead passed to the cupel. At the Goldfield Consolidated Mill,

direct blast-furnace smelting of briquetted precipitate is practised.

^ A. H. Jones, and Mng. J., June 14, 1913, p. 1197.
^ Ibid., May 9, 191.4, p, 967.
® H. E. Conklin, ibid., June 15, 1912, i). 1191.
^ P. S. Tavener, J. Chem. Met. and Mng. Soc. ofS. Africa, Oct. 1902, p. 112.
® li. A.E. Swinney, Tram. Inst. Mng. and Met., 1907, 1

6

, 115.
® E. H. Johnson, Rand Metallurgical Practice, vol. i., pp. 277-285.
’ H, A. Megraw, Png. and Mng J., Mar. 21, 1914, p. 606.
® Clark and Sharwood, Trans. Inst. Mng. and Met., 1912, 22, 137.
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CHAPTEE XVIL

CYANffiE PROCESS.

Special Methods and Examples of Practice.

Treatment of Concentrate.—When gold and silver in an ore are largely con-

tained in constituents such as sulphides, it is often expedient to separate

them by concentration and to treat the products separately. The removal

of the concentrate enables the residue to be cyanided with comparative ease

and simplicity. The concentrate was formerly in general treated by roasting

and chlorination, or shipped to smelters. Chlorination has now become
obsolete, and concentrate is cyanided in many mills. The methods include
“ roasting, leaching, agitation, filtration, decantation, oxidation and fine

grinding as with ordinary ores ” (MacFarren). Free gold dissolves slowly,

being as a rule comparatively coarse-grained, and can be in part recovered

by amalgamation. "‘No standard method for the treatment of concentrate

has yet been or can be decided on, as it must vary with the nature of the

concentrate and the mode of occurrence of gold and silver in it. Hence the

practice differs at almost every mill ” (Gowland).

Roasting has been generally discontinued except for sulpho-telluride

ores Percolation may require as much as three or four weeks to obtain

a good extraction. The concentrate tends to pack down and become imper-

meable, and is sometimes mixed with sand to facilitate leaching. Shallow

charges are usual. Strong solutions, containing as much as 0*5 per cent. KCy
or more, are used. The w'ork is begun and ended with weak solutions and
water washes. It is necessary to apply special methods of aeration, such as

the forcing of air through the charge, or turning the material over by shovels,

or transferring it to another vat. Acidity and dissolved sulphides are dealt

with as usual. Cyanicides, especially iron and copper salts, are sometimes
removed by means of dilute sulphuric or hydrochloric acid followed by water
washes (MacFarren).

Fine grinding and agitation saves much time. Air agitation is preferred

to the use of mechanical agitators, owing to the tendency of the chaige to

pack, on account of its rapid settlement in w^ater. Concentrate is often

ground in cyanide solution if the removal of cyanicides is not required. The
addition of fresh cyanide solution to the charge during treatment is sometimes
found to be necessary.

Decantation is facilitated in the treatment of slimed concentrate by the

fact that it settles rapidly. For the same reason filtration by some of the
leaf filters is difficult. The Kelly filter press ^ is mentioned by MacFarren
as giving Satisfactory results, on the ground that in this machine cake forma-
tion by pressure is rapid. With such filters as the Moore or the Butters the

^ For description see MacFarren, Cyanide Practice, pp. 148 and 201.
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concentrate settles in the vat before the cake can be formed. With such a
filter press as the Dehne. settlement takes place inside the press, and channels

are formed preventing efficient washing.

An interesting observation made by J, J. Dennyd that sulphide, sulph-

antimonide and sulpharsenide of silver are decomposed by the action of

nascent hydrogen, produced by the dissolution of aluminium in caustic soda,

may prove to be of value in the treatment of gold concentrate and sulpho-

telluride ores. The reactions are given as follows :

—

2A1 + 2NaOH + 2H2O = Na^AhO^ + 6H
6H + AgsSbSs + 6NaOH = 3Na/4- 6H.,0 + 3Ag + Sb.

The silver is set free and rendered accessible to the action of cyanide.

The method has been used for a short time in the treatment of silver ore at

Nipissing, Ontario, but has not yet been applied to gold ores.

The Treatment of Sulpho-telluride Ores.—These ores occur in large quan-
tities at Kalgoorlie, West Australia, and at Cripple Creek, Colorado. The
gold is contained almost entirely in the sulpho-tellurides, and probably

exists mainly in the form of telluride of gold The gold cannot readily

be extracted from these by cyanide solutions, owing to the slight solubility

of tellurium in cyanide. The successful methods of treatment have been

(1) dead roasting with the expulsion of tellurium, sulphur, etc., followed by
•cyaniding : used at Kalgoorlie and formerly at Cripple Creek

; (2) w^et crush-

ing and concentration, followed by treatment of concentrate and various

•classes of the tailing with cyanide to w^hich cyanogen bromide is added
to assist in the dissolution of the gold tellurides : used at Kalgoorlie, and
with modifications at Cripple Creek. These methods are described in

•succession below.

(1) Roasting Processes .—The Marriner 'process,^ in work at ’certain .mines

at Kalgoorlie, consists in (1) dry crushing in Gates’ rock breakers, followed

by ball mills or roller mills
; (2) roasting dead

; (3) grinding wet in pans
with a large quantity of mercury and hot alkaline cyanide solutions

; (4)

agitating by means of paddles in large vats with cyanide solutions containing

from 0*01 to 0*08 per cent. KCy
; (5) filter-pressing

;
and (6) precipitation

of the gold by zinc.

In roasting, a large amount of soluble sulphates is formed, and the losses

by dusting must be carefully attended to. Edwards or Merton furnaces

(q.v.) had replaced all others by 1911. The pans are used primarily to grind

the ore to fine slime, which is necessary to enable the cyanide to dissolve

the gold, but any coarse gold is extracted in them by amalgamation. The
roasted ore is carried by a stream of weak cyanide solution to spitzkasten,

where it is separated into sand and slime, the sand going to the pans and the

slime to the agitation vats. The pans are of the Wheeler type (see p. 227).

The continuous overflow from the pans is again passed through spitzkasten

and the sand retmmed to the pan. The agitation vats are 15 to 22 feet in

diameter and 4-| to 9 feet deep, and are provided with radial arms or stirrers

revolved by bevel gearing. The pulp is agitated for about eight hours. It

is then drawn ofl and forced by pumps into filter presses of the Johnson

type (see p. 372), w:here the gold solution is separated and the residue washed.

1 Denny, Mng. and Sci. Press, Sept. 27, 1913, p. 484.
^ James, Trans. Inst. Mng. and J/<?t,1900, 8,490; Donald Clark, Australian Mining

•and Metallurgy, pp. 15-44.
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According to von Bernewitz,^ filter presses are being discarded in favour of

vacuum filters, which are already engaged in filtering the current mill slime

at the Associated Northern, Boulder and other mills. The reason is that

vacuum filtration is cheaper, especially in laboui*, although the press washing

is very efficient. The total cost of the process at Kalgoorlie is given by von
Bernewitz at about 10s. per ton, with an extraction of 93 per cent, on 8-dwt. ore.^

(2) Treatment with Cyanogen Bromide {Bro/fO-cyafoger. Bromo-cyanide),

BrCy.—In the Diehl 'process,'^ which was introduced at the Hannan’s Star

Mine, and subsequently used at the Lake View Consols and at Hannan’s

Brownhill, Kalgoorlie, the ore is wet crushed, amalgamated, concentrated,

separated into sand and slime, the sand reground in tube mills, and the

whole agitated with cyanide (to which cyanogen bromide is added) and filter-

pressed. The concentrate, which contains 30 to 40 per cent, of the gold,,

is roasted and sent back to the w^et crushing noill.

According to Knutsen, the ore at Hannan’s Brownhill is crushed in a

20-stamp battery fitted with inside and outside amalgamated plates. An
average of 75 tons of ore is crushed per diem through 30-mesh screens.

There are 4 Wilfley concentrators, and from 3 to 5 per cent, of concentrate

is produced. This is roasted in an Edward’s mechanical furnace and sent

back to the stamp mill. The tailing passes through two classifiers and the

separated sand is regroimd in two slime or tube mills, each containing 2-J tons

of fiint balls. The product of the tube mills goes back to the classifiers. The
slime is concentrated by the removal of water in spitzkasten, and the sludge,

containing 40 to 45 per cent, of solid slime, flows to one of five agitators,,

each 20-J feet in diameter and 7-J feet deep. When the agitator is full, it is

charged with strong KCy solution, and two hours later with strong BrCy
solution. The amounts are KCy 0*20 per cent, and BrCy 0*05 per cent, of

the solid material. After about 24 hours’ agitation, lime is added, the quantity

being 3 to 4 lbs. per ton of solid slime, and about two hours later the charge

is filter-pressed. Each of the two presses holds 5 tons, and the time of treat-

ment is about two hours. The gold solution is again filtered before flowing

to the zinc boxes. The filter-press cakes, after being w^ashed and then dried

by air-blowing, go to the dump.
At the Hannan’s Star Mill, Kalgoorlie,^ the ore from the rock-breaker

is dry-crushed in Krupp ball mills, mixed with water, passed over amal-
gamated plates and then ground fine in tube mills. The fine product is

agitated in vats wfith cyanogen bromide. Nardin observes It is useless to-

add bromo-cyanogen at the beginning of the agitation, as it is comparatively
rapidly destroyed. The proper time to add it is when no further extraction

can be gained by plain cyanide solution. Before adding the bromo-cyanogen
it is essential to neutralise some of the alkalinity of the pulp solution by the
addition of H2SO4, in order to prevent the rapid destruction of bromo-
cyanogen.” The alkalinity is reduced from 0*02 or 0*03 per cent, lime to>

0*01 per cent. The method of preparation of cyanogen bromide from
bromide and bromate of potassium, sulphuric acid and cyanide is given by
Nardin.^ It is found that finely divided iron and also fine pyrite are-

destructive of cyanogen bromide.

^ Von Bernewitz, Mnff. and 8ci, Press, Mar. 15, 1913, p. 409.
2 Von Bernewitz, loc. cit.

® H. Knutsen, Tracis. Inst Mng, a/ic? Met, 1902, 12, 1.
^ E. W. Nardin, Mineral Industry, 1908, p. 444; G. W. Williams, ibid., 1907, p. 537.
^ Nardin, loc. cit. e Nardin, loc. cit
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Cyanogen bromide is less used than formerly (von Bernewitz). The-

average cost of treatment at Kalgoorlie is about 9s. per ton, and the average

extraction is 88 per cent, on 6| dwts. ore.'^-

(3) Gfiffle Creek Procedure.—Ore treatment at Cripple Greek has always

been influenced by the fact that neighboming smelters are available to which
ore can be sold. Consequently, rich ore and rich concentrate have always

been shipped to them. Poorer ores and concentrate were formerly roasted

and chlorinated; or in the alternative roasted and cyanided. Roasting

of the original ore has now been given up, and the usual procedure is to crush

in cyanide solution, concentrate, and treat the tailing by cyaniding with,

the aid of cyanogen bromide. Concentrate is shipped to a smelter or

roasted and cyanided.

At the Stratton’s Independence Mill,^ where the method was worked
out by Philip Argali, the practice is as follows :—The ore is broken to about
1

'I
-inch cubes in Gates’ gyratory crushers. It is then slightly moistened

with cyanide solution, lime is also added, and the ore is reduced to about
|-inch size by means of rolls. From the rolls it passes to 6-foot Aki'on

Chilian mills (see p. 250) fitted with square wire screens having an aperture of

0*046 inch (or about 10 mesh). The inills give a fine granular product suitable

for concentration. The crushing is done in cyanide solution containing i lb.

KCy per ton, and from that point the ore is constantly in solution.

The pulp is led to Ovoca classifiers (double spiral screw machines), whence
the nearly dry sand goes to Card concentrators. Here two products are

obtained, a high-grade concentrate^ (containing 5 to 7 ozs. gold per ton),

which is shipped to the smelters (although it could be roasted and cyanided)

an.d a middling, which is reground and reconcentrated. The slime from the

classifiers is thickened in cones and closely concentrated on Deister tables

or on vanners. The sand tailing and the slime tailing are cyanided separately.

The sand is treated in leaching vats for four days with solution containing

lb. KCy per ton, and is discharged by sluicing. It contains only 1 dwt.

of gold per ton before treatment. The slime contains 2 dwts. per ton, and
after thickening it is agitated with solution containing f lb. KCy per ton for

six hours in a modified Pachuca tank, afterwards with cyanogen bromide
for four hours in another similar tank. The cyanogen bromide treatment

difiers from that generally adopted, in that it is found necessary to

maintain a comparatively high alkalinity during the treatment. The slime

pulp is fed from a storage tank into a vacuum filter of the stationary or

Butters type, and the solution is clarified in a filter press. Precipitation is

effected by means of zinc shavings, and the precipitate is shipped to

smelters.

The ore to be milled comes from the dump, and contains only $3.50 in

gold and silver, and the extraction totals 71*5 per cent., of which 43*65 per

cent, is obtained by concentration and 27*85 per cent, by cyaniding. The
consumption of chemicals is about 0*45 lb. NaCy, 0*3 lb. zinc, 2*2 lbs. Ume,.

and 0*4 lb. of the bromine salt per ton. The cost of treatment is given

as $1,239 per ton.

Antimonial Ores.—Gold ores containing stibnite are difiicult to treat

with cyanide. “Antimony sulphide is very soluble in caustic alkali and
decomposes cyanide, combining with the alkali and forming antimonite

1 Von Bernewitz, 3fnrf. aiid Sci. Press, Mar. 15, 1913, p. 409.
2 H. A. Megraw, Emj, and Mng. J., Feb. 8

, 1913, p. 313.
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^nd tkio-antimoiiite
;

also some KCyS is formed and HCy is evolved. The
antimony compounds act as strong deoxidisers ” (Julian and Smart).

Hence much cyanide is destroyed and the gold is not dissolved.

J. S. MacArthur^ proposed to remove the antimony by dissolution in

•caustic soda solution containing 2 to 4 per cent. HaOH, and to treat the

residue by roasting, amalgamating and cyaniding.

F. H. Mason ^ proposed to remove the antimony by alternately roasting

the ore in an oxidising atmosphere and with the addition of coal. The anti-

monates at first formed are thus reduced. The residue was then treated by
amalgamation and cyaniding, but the percentage of extraction in experi-

ments on a Canadian ore^ was only from 50 to 80 per cent. However,

roasting and fine grinding represent the most successful treatment of.

antimony ores.

At the Globe and Phoenix Mill, Ehodesia/ the presence of 1 per cent,

of stibnite reduced the extraction of gold by ordinary cyaniding to about

20 per cent. It was found that by exposing the slime (containing up to 6 dwts.

gold per ton) to oxidation by weathering on the dam for six months, the

extraction by cyanide became satisfactory. The sand was not equally

amenable, but by fine grinding most of the stibnite passed into the slime

owing to its brittleness. In the method adopted, the stibnite was partly

removed by hand picking, and the tailing from the stamps after amalgam-
ation was separated into sand and slime. The sand was concentrated and
then ground and amalgamated in pans, and again concentrated. The sand
is cyanided by percolation with fair results if the stibnite in it does not exceed

0*2 per cent., and the slime is passed to the dam for weathering. The con-

centrate is roasted in Merton furnaces, by which the antimony is reduced
from 5 per cent, (as stibnite) to 3 per cent, (chiefiy in the form of antimonate),

and the roasted product is ground and amalgamated and then treated with
cyanide in agitation vats and filter-pressed. The extraction is from 85 to

90 per cent., but the tailing is rich, and a further amount can be extracted

after the residue has been weathered for some time.

At Hillgrove, Hew South Wales,® antimonial tailing which has been
subjected to long weathering is treated by percolation. Care is taken to

make the strongly acid tailing almost exactly neutral or very slightly alkaline,

to avoid dissolution of antimony, which is thrown down in the zinc boxes
and gives trouble in smelting the precipitate. Ore containing stibnite is

also cyanided at Bidi, in Upper Sarawak, by direct treatment of coarsely

crushed ore with 0*05 per cent. KCy solution. About 75 per cent, of the gold
is extracted from 5 dwt. ore.®

Cupriferous Ores.—Unoxidised chalcopyrite is little acted on by cyanide,

and does not occasion trouble, but in some cases, as with oxides and car-

bonates, a few pounds of copper per ton may prohibit cyaniding by ordinary

methods ” (MacFarren), the soluble compounds acting as cyanicides. Some-
times the copper is removed by a dilute sulphuric acid wash before cyaniding.'^

A solution of ammonia has also been proposed® for the same purpose.

^ A. Selwyn-Brown, /. Ghem. Met. andMng. Soc. of /S'. Africa, July, 1906, 7, 20.
^ Mason, Mng. and Sci. Press, April 28, 1906. ® Selwyn-Brown, loc. cit.
^ H. T. Brett, Mng. Mag., July, 1911, p. 51.
^ W. A. Loiigbottom, Mng. and Sci. Press, June 29, 1912, p. 884.
® R. Pawle, Trans. Inst. Mng. and Met., 1905, 15, 79.
’ W. S. Brown, Trans. Inst. Mng. and Met., 1906, 1

5

, 445.
^ A. Jarman and E. Le Gay Brereton, ibid., 1905, 14; 288 ; H. L. Sulman, ibid,, 14, 363 ;

Mectrochem. and Met. Ind., Mar. 1908, p. 128 ; Pacific Miner, Mar. 1910.
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Apart from the action of ammonia on copper compounds, the addition

of ammonia to cyanide solutions increases their power of dissolving gold

and also their selective action on gold. Acid solutions of cyanide have also*

been used on cupriferous and antimonial tailing (Gitsham process).^ In this

process a little sulphmic acid is added to the cyanide solution, with which
the ores are treated. Gitsham suggests the following equations :—

2KCy + HgSO^ = K^SO^ + 2HCy
4H0y + 2Ati = 2HAuCy2 + Hg.

Sulman and Picard point out that the dissolving action of the HOy depends-

on the presence in solution of CUSO4 or some similarly acting substance,

by which nascent cyanogen is produced. It is stated that very little copper

is dissolved by acid cyanide solutions and consequently that ores containing

copper carbonate can be treated. The solution is regenerated by allcalL

before precipitation. Wheelock points out ^ that cupriferous cyanide solu-

tions can be regenerated by the addition of sulphuric acid

—

KgCuaCy^ H- H^SO^ - -f Gu^Cy^ + 2HCy

and the insoluble cuprous cyanide may be treated with hydrogen sulphide ^

—

CuaCya -h H^S = Cu,S -f 2HCy.

Cyanide solutions containing copper give trouble in precipitation on
zinc shavings, the copper plating the zinc and preventing its further action.

This difficulty is not experienced in zinc dust precipitation. Copper is not

precipitated by zinc in solutions containing much KCy, but it is readily

brought down by the lead-zinc couple (see p. 338). It is also precipitated by
soluble sulphides.

Crushing in Cyanide Solution.—-The use of cyanide solution instead of

plain water in the stamp battery was tried as early as 1891 in the United,

States, and in 1892 at the May Consolidated, Transvaal.^ It was successfully

developed at the Crown Mines, New Zealand, in 1897,® and applied in South

Dakota in 1903.® It has not been much practised in conjunction with amal-

gamation where coarse gold exists, because, although the gold is cleaned

and brightened by the cyanide, and thus kept in excellent condition for

amalgamation, the corrosive effect on the copper plates and the hardening

of the amalgam by cyanide more than neutrahses this advantage. Crushing

in cyanide is used in many mills, however, in connection with “ all sliming

methods, and the use. of slime filters, amalgamation being omitted. “ Where'

the gold or silver in the ore is very finely disseminated, all sliming may be

required to expose a fair percentage of tlxe precious metals to the action of

the solvent cyanide. This feature is frequently associated with a very small

percentage of recovery by amalgamation being practicable, as with gold

telluride or silver sulphide ores. Under these conditions crushing with,

cyanide solution instead of water is often practised, if only in order that

dissolution of the gold or silver, in any case usually a lengthy process, may

1 Von Bernewitz, Cijcmide Practice, 1910-13, p. 102.
2 B. P. Wheelock, Miig. and Sci. Press, Dec. IS, 1909, p. 814.
2 Von Bernewitz, Cyanide Practice, loc. cit.

^ Butters and Clennell, Png, and Mng, J., Oct. 8, 1892, p. 342.

5 J. McConnell, Trans. Inst. Mng. ami Met,, 1898-9, 7» 26 ;
Trans. Amer. Inst.

Png., Sept. 1899.
® See Papers by C. H. Pulton and J. Gross, Trans, Amer, Inst. Mng. Png., Sept. 1904.
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begin at as early a stage as possible
;

air-lift vats preceded by mecliamcal
pulp thickeners are employed to expedite this dissolution

;
and vacuum or

pressm’e filtration of the slime pulp, which frequently settles very slowly
on account of its colloidal nature, is used to separate the residual solid slime

from the gold and silver bearing solution ” (Caldecott).

It is generally admitted that crushing in cyanide is desirable where the
percentage of recovery by amalgamation is trivial, but it is otherwise where
.a high percentage of the gold can be thus recovered. It is true that in many
cases amalgamation may be omitted and almost all the amalgamable gold
recovered by crushing in cyanide. In the latter case the secondary crushing-

in the tube mill circuit is largely instrumental in dissolving the particles of

free gold. These are freed and in part flattened or broken up by the pebbles,

and thus rendered more readily soluble. It is, of course, obvious that the
rate of dissolution of large particles is less than that of small ones, as their

ratio of area to weight is low'er.

On leaving the tube mill, the attenuated particles of gold are returned
to the mill in the underflow of the classifiers, and circulate until they are
completely dissolved or become so small as to be included in the overflow
of slime. Nevertheless, this method of extracting amalgamable gold has
not yet been generally accepted as the most advantageous method of pro-
cedure in ordinary cases, and remains a subject of controversv.

On the Rand, where about 64 per cent, of gold is recovered by amal-
gamation and 36 per cent, by cyanide, crushing in cyanide solution instead
•of water has not been accepted (although it has been tried on a large scale)

because of trouble from the following causes :
—

^

(1) Corrosion of amalgamated copper plates.

(2) Baseness of the bullion, due to deposition of dissolved copper on zinc
.-shavings.

(3) Need of more prolonged and more expensive cyanide treatment
necessitated by richer tailing pulp.

(4) Liability to loss by leakage and overflow of gold-bearing mill service
solution.

(5) Difficulty of obtaining accurate screen values (by assay) owing to
presence of gold in solution in screen pulp.

It may be observed that the first two objections would disappear if

.amalgamation were entirely abandoned, but in that case long and costly
treatment in tube mills would be required, involving all-sliming. It is

unlikely that any albsliming process will ever be applied to banket ore, since
the cost of converting into slime the residual hard granular sand particles,
•constituting nearly half the weight of the present crushed product, would
far exceed the value of the small additional amount of gold recovered in that
way ” (Caldecott).

Another point is that in stamp battery practice from 5 to 1.0 tons of solu-
tion are required per ton of ore, and although most of this can be retained
in the mill circuit, at least part of the solution in the mill circuit must be
passed through the precipitating plant, thus increasing the loss of zinc and
•cyanide. There is also the fouling of the mill circuit solution to be considered,
necessitating the use of fresh solution occasionally and the throwing away
of the old solution. With soft ores other machines, such as the Huntington

_ T/. Bateman, >S'. AfiHcan Mminr/ J., Jan. 10,1914, p. 469. Endorised in letter from
Dr. Caldecott.
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mill, requiring less solution (say i tons per ton of ore) can be used in milling,

and the difficulty caused by the large amount of solution in the mill circuit

is diminished.

On the other hand, among the advantages of crushing in cyanide, it is

pointed out that

—

(1) Dissolution of gold is promoted by the close mixing of ore and solu-

tion involved in crushing.

(2) Float gold is rapidly dissolved during crushing without a chance

to escape.

(3) If water is used, the de-watered pulp carries some water into the

cyanide plant. This amounts only to from 25 to 40 per cent, of water in

the case of sand, but in slime it is considerably more. With all-sliming,

followed by de-watering in Dorr’s thickener, the ratio of water to dry slime

is 1 or li to 1, The addition of this quantity of water to the cyanide solution

in agitation vats seriously dilutes it. More cyanide must be added, and to

avoid a continual increase in the quantity of solution in the cyanide plant, it

is necessary to throw some solution away. When ore is crushed in cyanide,

an amount equivalent to the solution in the thickened pulp can be returned

to the mill circuit, and so the consumption of cyanide is ipso facto reduced.

(4 )
There is no risk of the theft of amalgam.

Comparisons made by N. Cunningham between the practice at the

Hollinger and Dome Mills, Porcupine, Ontario, are as follows, for the first

few months of 1914 :

—

Hollinger Mill.

Crushing in

Cyanide Solution.

Solution precipitated per ton of ore, 2*67 tons.

Zinc consumption per ton of ore, . 0*59 lb.

Cyanide consumption per ton of ore, 046 lb.

Total recovery,.... 96*0 per cent.

Dome Mill.

Crushing in

Water.

1*70 tons.

0*34 lb.

0*75 lb.

95*0 per cent.

The Hollinger mill does not use amalgamation, but the Dome mill amal-

gamates the ore. The ores difier only in grade, the Hollinger ore being-

three times as rich as that of the Dome, so that the tailing at the Dome
mill is poorer than that at the Hollinger. At the Dome mill, Dorr thickeners

are used, giving an underflow of pulp in which the ratio of liquid to solid is

about 1 to 1. The extra consumption of cyanide is instructive. The com-

parison is chiefly interesting as an indication of the excellent results which

can be obtained on similar ore by both methods.^ The respective costs of

treatment are not given.

Examples of crushing in cyanide are given on pp. 415, 416, and 417.

Examples of Practice.

Besides the following examples, others have been already given, notably

in the section on the treatment of sulpho-tellurides.

1 Cunningham, Mng, and Sci. JPress^ July 4, 1914, p, 19.

2 For a discussion on crushing in cyanide see A. W. Allen, Mng. and Sci. Press, Aug. 16,

1913 ;
May 30, 1914 ;

Sept, o, 1914 ;
J. B. Stewart, Sept. 20, 1913 ;

N. Cunningham, July 4

and Oct. 17, 1914.
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Witwafersrand.

Tlie treatment is fully described in Rand Metallurgical Practice, vols. i.

and ii. Briefly, it consists in sorting out waste rock
; breaking the ore in

rock-breakers
;
crushing in alkaline water through coarse screens by stamps

;

de-watering in cones ;
crushing in tube mills

;
diluting and passing the pulp

over amalgamated plates
;

classifying the pulp in cones into sand and slime,

with return of a classified underflow to the tube mill
;
cyaniding of collected

sand by percolation ;
coagulation of slime with lime, and treatment with

cyanide by decantation (p. 356)
;
precipitation of gold by lead-5:inc shavings

;

dissolving the zinc in bisulphate of sodium, and fusing the residue with fluxes,

or with litharge. Owing to the flat nature of the ground, elevation of the pulp,

by pumping or tailing wheels is required during treatment and in the dis-

posal of taihng. The methods are continuously undergoing revision, and
new plants exhibit new^ featmes, while old machines, partly discredited,

still continue at work in old plants, to be discarded when it is profitable to-

do so. There is accordingly considerable divergence bet'ween the methods
in use side by side.

The following section is slightly abridged from a summary of recent

progress, for which the author is indebted to Dr. W. A. Caldecott, the con-

sulting metallurgist of the Consolidated Goldfields group. The account is

supplementary to the information contained in the foregoing pages, and applies

alike to crushing, amalgamation and cyaniding.

The frontispiece gives a general view of the Knight’s Deep and Simmer
Bast joint reduction works. The photograph was taken in 1907, and kindly

sent by Dr. Caldecott for reproduction. It shows the 400-stamp mill and the

elevator wheels on the right, and the dump at the back.

The practice on the Hand is the result of many years’ evolution, with

the co-ordinated efforts of many men, freely interchanging their experience,

and applying to their special problem, wherever possible, the results obtained

elsewhere. The main features which broadly characterise Band practice

are the large number of producing mines in close proximity to one another
;

the large scale of operations
;
the absence of chemical difficulties in the simple

low-grade ore
;
the use of as few and as large units as possible for each stage

of treatment, those fulfilling similar functions being grouped together to

facilitate supervision
;

simplicity of plant arrangement and operation

;

cheap power and unskilled labour
;
and the group system of supervision,

guidance and control of several subsidiary companies. As regards future

tendencies, plants already exist such as the Bandfontein Central and Knight’s

Deep, capable of treating 3,500 to 5,000 tons of ore daily, and such large

installations may become more general.

The chief physical characteristic of banket ore is its hard abrasive nature,

which involves the necessity of crushing by impact by means of stamps and
tube mills, and precludes the economic use of all rolling, rubbing, or grinding

machines for pulverising ore, on account of the heavy operating cost of such
appliances through high steel consumption by abrasion. This is the reason

for the failure of all attempts to introduce fine crushing rolls, ball mills,

edge roller or Chilian mills and grinding pans. In general, it is not desirable

to crush banket so fine as to obtain a residue containing, on the average,

much less than 0*25 dwt. gold per ton after cyaniding. This necessitates a

final tailing pulp containing from about 75 per cent, of — 90 product
passing 90-mesh sieve, with 0*006 inch aperture) with 4-dwt. ore, to 85 per
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cent, of “ 90 product with 7-dwt. ore. -About 70 per cent, of the— 90 grade
will pass a 200-mesh (0*003 inch aperture) screen-

Sorting has been largely abandoned, as trials show that the percentage
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extraction from sorted waste (say under 0*5 dwt. in value) is upwards of

90 per cent, or practically as high as from ordinary banket ore, while

the additional tonnage crushed costs very little, when ample reduction plant

is available. The elimination of sorting reduces the capital expenditure and

the operating costs.

Fig.

179.
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Stamp
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Amalgamated

Plates.
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Deep

Mine.
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Breahmg .—Underground breakers, where used, are set to make a product
of 6 to 9 inches, and surface breakers one of or 2 inches. Grizzlies screen

off about 50 per cent, of the ore, which does not pass through the breakers.

Both jaw and gyratory breakers are used, and efficient and careful breaking
is regarded as essential- Tube mill pebbles of 4-inch cube are sorted out in

the breaker station, and in order to minimise the breathing of dusty air by
operators, sprays or exhaust fans with suctions to each breaker, to withdraw
the dust produced, are now commonly installed.

Stamj) Milling .—The use of heavy stamps up to 2,000 lbs. weight is general

in all new mills. The Nissen stamps are especially adapted for small instal-

lations. With heavy stamps not more than 97 drops per minute, with 8 inches

set height of drop, should be given to avoid undue breakages of cam shafts

owing to shock of cam impact on the tappet.

The ratio of 10 heavy stamps per standard tube mill (5|- by 22 feet) is

the usual modern practice, with coarse screens up to J inch apertme and
stamp duties up to 20 tons per stamp of 2,000 lbs., and without plates in

the stamp mill. Figs. 178 and 179 illustrate the former practice with

amalgamated plates at the New Heriot mill, and the practice in Jan.

1914 at the Robinson Deep installation. In Fig. 179 the tube mill motors
are shown on the left.

The ratio of \vater to solids in coarse battery screen pulp is very low,

and varies between and 5 to 1 ;
tube-mill pulp contains about 39 per

cent, of water, and the water ratio in the pulp flowing over the tube-mill

amalgamated plates is to 1. In general, launders in a modern crushing

plant are steep, 10 per cent, being a frecpent grade, and the proportion

of water in the pulp in various stages is correspondingly reduced. The
advantage of this procedure is obvious in reducing the cost of pulp elevation,

the number of classifiers, and the size of the pumps returning the allraline

mill service water to the crushing plant.

To avoid having to pump coarse pulp from battery screens, the best

practice, as at the Robinson Deep, is to gravitate from batteries into diaphi-agm

tube-mill cones (6 by 9 feet), the underflow from which, containing up to 400

tons solids per 24 horn’s, enters the tube mills. This is illustrated in Fig. 180.^

This diagram now represents accepted modern practice, except that it is

not worth while to separate the mill ore feed into plus and minus 9-mesh

products before the ore enters the mortar box.

^ W. R. Dowling, Rand Metallurfjical Rraoticv, "vol. i., p. 129.
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The high stamp duty, up to 100 tons per 5-stamp battery of heavy stamps

during 24 hours, and coarse screening at low cost have prevented the intro-

duction of rolls in place of stamps for crushing to |-inch mesh, although it

would be quite practicable. This is due to the fact that the abrasive

pi'operties of banl^et ore make roll maintenance high, in addition to which

there is the difficulty caused by the dust raised by dry-crushing, trommelling

and return of oversize.

The use for pulp elevation of centrifugal pumps with renewable steel or

hard cast-iron liners has become general on account of their relatively low

capital cost, limited area required for installation, and flexibility in allowing,

the height of pulp elevation to be changed when required.

Tube-Milling .—In a modern Band crushing plant about two-thirds of

the crushing, as measured in tons of fine (— 90-mesh) product, is done by
tube mills. The tube mills are large and are fed with the coarse pulp under-

flow of classifiers (see Fig. 181, which is from a photograph of the Robinson

Deep installation taken in January, 1914). Each tube mill receives the coarse

underflow from its diaphragm cone classifier on the right, into which the pulp

gravitates from the stamp batteries.. Slight variations from the dimensions,

of the standard mills (5-1 by 22 feet) have lately been installed in the shape

of mills of 6 by 16-J- feet, but without much evident practical gain. Except,

for all-sliming, short tube mills merely serve to conform to limited sand

feed or to limited power. For standard tube mills the rules should be observed

of 31 revolutions per minute, high percentage of running time, adequate

pebble load, and large (350 to 400 tons per 24 hours) sand feed as 40 per cent,

moisture pulp, so as to provide sufficient coarse particles in the latter part,

of the tube mill to utilise fully the crushing effect of the falling pebbles.

The use of an internal scoop discharge, lowering the level of the liquid pulp
in the mill and equivalent to a large outlet trunnion, has enabled the crushing-

capacity to be increased by 25 per cent, and upwards with a corresponding-

increase from 7 tons to 15 tons per 24 hours of banket* ore pebble consump-
tion, more rapid liner* wear, and higher power consumption. No new 5| by
22 feet mills are likely to be installed with less than 150 H.P. motors and
possibly 175 H.P. motors. Individual watt-meters for each tube mill are used
to regulate the pebble feed so as to maintain a constant power consumption,
and mechanical pebble feeders driven from the tube mill are employed in

order to maintain continuously adequate pebble loads in each mill The-

longitudinal hard steel bar liner has come into general use, and has a life of

six months or more, owing to the wear being taken by pebbles wedged in the-

2*5 inch spaces between the bars on edge.

Amalgamation .—The use of battery screening as coarse as 64 holes per
square inch or coarser prevents plate amalgamation owing to the scouring of

amalgam, and hence in modern stamp mills the use of amalgamated plates

has been discontinued. They are retained, however, in the tube-mill circuit in
the form of three stationary plates of the usual dimensions (4|- by 12 feet) per
tube mill, but with a grade of 18 per cent, to prevent any J^anking of the
thick pulp which flows over them. The percentage recovery by amalgama-
tion under these conditions depends upon the fineness of crushing and the
area of classifier surface in proportion to the tonnage milled, but recoveries of

upwards of 60 per cent, are not unusual, and upwards of 70 per cent, has been
regularly obtained with pyritic banket ore at the Princess Estate and Gold
Mining Company. The advantages of the foregoing system are (1) more
running time for stamps, which do not require to be stopped for plate dressing



EXAMPLES OE CYANIDE PRACTICE. 406

Fig.

ISl.

—

Tube-mill

Installation.

Robinson

Beep

Mine.



406 THE METALLURGY OE GOLD.

or scraping, (2) less gold locked up in plant as amalgam used in the

setting- of plates, (3) greater security against theft, since amalgamation is

confined to one room, (4) less labour for dressing plates, and (5) lower capital

cost for plant equipment.

Classification .—^During the last few years this has been greatly developed

on the Rand. It is usually effected by a limited number of large diaphragm

cones without additional water, as opposed to the use of numerous small

cones with ascending water currents employed elsewhere. As pointed out

in The Finer Crushing of Banket Ore,” ^ the classification in water of the

battery screen pulp and of the tube-mill return pulp ensures the richer heavier

pyrite being more finely crushed than the poorer lighter quartz, and renders

exactness of battery screening of little importance, since the classifier

instead of the screen determines what particles shall leave the crushing

plant. Further, since all gold now recovered by amalgamation must be
first classified out, the importance of classification is much increased, and
its efficiency is evidenced by the high amalgamation recoveries referred to

above. (These are higher than was formerly the case.)

As regards classification of sand and slime, this has now reached a very

high degree of efficiency, with the result that sand can be treated in the vat

where collected as a sand solution pulp from sand filter tables, without the

cost of transfer and with a much reduced plant, whilst the clean sand residue

is perfectly fitted for sand filling of old mine workings. Incidentally, the

foregoing classification permits of lime being added to the ore entering the

mill bins, instead of being crushed separately in a ball-mill for subsequent
addition to the slime pulp. This is due to the fact that in cones no danger

occurs of undue settlement of the slime with the sand, as was the case when
the tailing pulp entered large sand collecting vats.

The use of safety or return sand cones receiving pulp from the common
overflow launder of the main classifiers is useful in offsetting fluctuating

delivery and uneven distribution of pulp to the. main classifiers, and this

system is followed both in regard to tube-mill classification and the classi-

fication of sand and slime.

Automatic regulators, for the purpose of preserving the thick underflow
of diaphragm cones which are engaged in classifying sand and slime, are
now in satisfactory operation on several mines. Owing to the action of

the regulators the underflow ceases when the level of settled sand in the
cone sinks and begins again when the level has risen slightly. The action

of the regulator depends upon the pressure of the settled sand in the cone
upon a large double-coned solid wooden float in the cone directly above
the diaphragm, and attached to the lower end of a vertical rod whose upward
motion is assisted by a spiral spring near its upper end. The vertical rod is

connected above the cone with one end of a horizontal lever, whose other

end is connected with a vertical rod outside the cone. The lower end of the
vertical rod is connected with another horizontal lever at the level of the
cone outlet, and terminates in a conical plug just below the outlet. As the
pressure of the rising settled sand in the cone on the float increases, the latter

is depressed, and the plug descends and opens the outlet, whilst the reverse
action occurs as the sand in the cone falls.

In an efficient modern plant the proportion of slime is about 50 per cent..

^ W. A. Caldecott, Trans. Inst. Mur/, and Met., 1904-5, 14, 48.
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by weight, of wMch only 1*5 per cent, is + 200 mesh, and the percentage
of colloidal slime in the sand is trivial.

Cyaniding .—The sand now frequently constitutes only 50 per cent, by
weight of the ore milled. Owing to the absence of slime in the interstitial

spaces, it occupies when settled about 23 cubic feet per ton, and can be satis-

factorily collected and aerated and leached in the same vat when sand filter

tables are employed (see Eig. 153, p. 351). The clean sand residue after

cyaniding by percolation should not contain more than 0*33 dwt. gold per
ton. For the methods of surface transport of pulp, see p. 356. The
method of transport of sand, as pulp pumped through pipes by centrifugal

pumps, is likewise largely employed on the Band for tailing pulp elevation

and solution pulp transfer from sand filter tables.

TABLE XXXVI.

—

^Average Working Cyanide Solutions during Decem-
ber, 1913, IN Plants oe Simmer and Jack, Eobinson Deep,
Knight’s Deep and Simmer Deep Companies.

Per Cent.
Free Cyanide
(in Terms of

KCy).

Per Cent.
Protective

Alkali
(in Terms of
NaOH).

issay Value
(Dwt. per

Ton).

Temperature,
« F.

Strong solution applied to

sand charges, . 0-095 0*021 0*015 65
Strong solution entering

zinc boxes, 0'028 0*012 2*312 70
Strong solution leaving zinc

boxes, .... 0*025 0*021 0*015 65

Weak wash solution applied
to sand charges, 0*011 0*013 0*013 67

Weak wash solution enter-

ing zinc boxes, 0*015 0*010 0*334 69
Weak wash solution leaving

zinc boxes, 0*010 0*012 0*013 67
Last drainings from sand

charges, .... 0*008 0*008 0*044

First wash slime solution

entering zinc boxes, 0*007 0*008 0*399 76
First wash slime solution

leaving zinc boxes, . 0*006 0*009 0*01.5 72
Second wash slime solution, 0*008 0*007 0*129 SO

Mill service water, 0*011 0*010 79

Slime treatment by decantation (see above, pp. 356 and 359) is still

practised, but slime is now being treated in some plants by vacuum filtration.

Air-lift vats are commonly used in Butters’ vacuum filter plants, though

for the dissolution of gold in current slime containing little reducing matter

their use is not so essential as for accumulated slime, or for slimed rich

battery sand. In both settlement of slime and precipitation, warmed
working solutions are used, for which purpose the waste steam heat from

the mill engine power plant is commonly employed. Lead-coated zinc
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shavings are still commonly retained in use for precipitation. Zinc dust

precipitation is employed on two recent plants, but requires somewhat

strong solution to induce sufficient chemical activity for complete precipi-

tation during the limited period of contact before leaving the press, and is

likewise dependent on the mechanical regularity of zinc dust feed.

As about 2| tons of solution are precipitated per ton of ore treated, and

some reduction works treat 4,000 tons of ore per day, the enormous volumes

involved are obvious. Of late the tendency has been to filter slime solution

before precipitation through ordinary sand leaching vats specifically devoted

to this purpose. These can be readily supplied with fresh sand and the old

clogged sand discharged. Imperfect clarification, power consumption, and

labour and cost involved in cleansing of cloths have caused clarification filter

presses to be discarded in several plants.

Table XXXVI. (p. 407) shows the composition of ordinary woi'king

cyanide solutions.

The following table illustrates the consumption of the chief metallurgical

stores in modern practice :

—

TABLE XXXVII.—Averag-e Consumption op Metallurgical Stores
PER Ton op Ore Milled by Consolidated Goldpields’ Companies
DURING 1913.

Company. Mercury.
Lime

(75 Per
Cent.).

Sodium
Cyanide
(130 Per
Cent.).

Zinc.
Lead

Acetate.
Bisiilphate
of Soda.

Troy Ozs Lbs. Lbs. Lbs. Ll)s. Lbs.

Simmer & Jack, O'OSOD 2-732 0*343 0-382 0-069 1-561

Robinson Deep, ()-U830 1*999 0*271 0 417 0 043 !
1-516

Knights Deep, 0-0864 1-965 0*300 0-376 0-039 1-216

Simmer Deep,

.

0 0656 2*033 0-315 o-m 0-044 1 -629

Averages, 0-0664 2*18*22 0-3072 0-3965 0-0487 1 -4805

Actual results of present practice are illustrated in the tabular statement
for 1913 (Table XXXVIIL), which represents the treatment of 3,387,230
tons of ore by four crushing companies on the Witwatersrand of the
Consolidated Goldfields of South Africa, Limited. The following are the
average working costs in pence per ton of ore for the various operations
involved in the treatment of the ore from the headgear to the dump.
The costs are for the same four companies and for the same period as
those in Table XXXVIIL

Operation.

Transport of ore,

Breaking and sorting,

Stamp milling,

Tube milling, .

Sand treatment.

Slime treatment,

Cost per Ton (in Pence).

. 2-773

. 3-258

. 10-512

. 8-340

. 9-113

. 5-988

Total, 3s. 3-984
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Homestake Mills, S. Dakota, 1911.^

Amalgamation folloived by Cyanide—Merrill Filter Presses—Zinc Dust

Precipitation.—^Tke ore at this mine is of uniformly low grade, containing

about 0*2 oz. gold per ton. When derived from deep levels it consists of

cblorite or ferruginous hornblende, quartz, pyrite, pyrrhotite, and the car-

bonates of calcium, magnesium and iron. In some parts arseno-pyrite,

garnet and mica are present. The mining is done by shafts, although open

cuts are still being worked.

The ore as it comes from the mine is dumped over grizzlies, the rock

passing through going to the storage bins, and the larger lumps travelling

on to Gates’ gyratory breakers. From these the broken ore is fed by means
of a' Challenge feeder into the battery mortar.

In all, there are six mills at Homestake, employing 1,000 stamps. Each
set of ten stamps is driven by a 25 H.P. motor set on the level of the cam
shaft. The mortars used are taller and narrower than those used in many
other mills, and are not provided with back plates. The mortar blocks are

formed of 2*inch creosoted pine planks. The falling weight of the stamps
is about 850 to 900 lbs., and the initial drop with new shoes and dies is

10 inches. Water is fed into the top of the mortars through pipes of small

diameter, and at some of the mills special nozzles have been fitted to these

pipes, in order to preserve a maximum ratio of water to ore of 11 to 1.

This ratio is large, according to general practice. Inside amalgamation is

practised, a copper plate inch thick and 5 to 7 inches wide being attached

to the chuck block under the screen.

The discharged ore passes through diagonal needle slot screens (approxi-

mately equivalent to 30 to 35-mesh screens) on to a series of outside amal-

gamation plates. The first of these is of pure copper, 4 feet 6 inches wide,

12 feet long, and inch thick. The remaining three sets of plates are made
increasingly wider, in order to give a thin stream of pulp, and are silver-

plated. The final row of plates is situated in a plate house, where the whole
of the pulp from the mill is re-divided and spread uniformly over the tables.

Merciny is fed into the mortar box hourly. The amalgam which gathers

in the mortar and on the outside plates is collected every day, wdiile the

inside amalgamation plates are scraped once in fifteen days. The loss of

mercury is found to be about 0*13 oz. per ton of ore crushed.

The accumulated amalgam is retorted every ten days in cast-iron trays

fixed within horizontal cylindrical retorts whose covers are luted on. Each
retort holds 7,000 ozs. The whole of the mercury is volatilised in about
seventeen hours, and the residual gold is then melted under borax in graphite

crucibles.

Concentration is not now^ practised at this mill, as direct cyaniding has
been found to give better results.

The tailing from the stamp mill is carried by launders to a sump in the

regrinding mill, whence it is distributed to fourteen gravity cones, each
4 feet in diameter, and with sides sloping at 70°.

A large proportion (88 per cent.) of the pulp passes from these cones as

overflow and goes to the classifiers. The spigot discharge from each gravity

cone passes to a second concentrating cone (16 inches diameter), which is

^ A. J. Clark and W. J. Sharwood, Trans. Inst. Mng. and Mety 1913, 22, G8.
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fed witK an upward current of w'ater at about 30 lbs. pressure. The over-

flow from this joins the previous overflow, while the sand is discharged to

the regrindi:^ machines through pipe launders.

The regrinding machinery consists of seven 5 feet pans and one tube-mill
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(5 X 14 feet). The pans are of the Wheeler type, and are designed to give

a continuous peripheral discharge. They revolve 58 times per minute and

treat 20 tons per day
;
mercury is fed in at intervals. The tube-mill is fitted

with a 5-inch Silex lining and employs flint pebbles as grinders. A de-

watering cone is placed immediately before the tube-mill, in order to reduce

the water content of the pulp to about 38 per cent. The mill grinds 73 tons

per day. Silvered amalgamation plates are fixed after the pans and the tube

mill, in order to recover any gold which may have been freed in the process

of crushing. From a comparison of the two types of machine working on

similar material, the tube mill is considered to be the more suitable for this

particular ore.

The classification into sand and slime is carried out in sheet-iron cones

fitted with replaceable cast-iron outlet nozzles. In the main system there

are three series of cones, the underflow from the first and second passing to

the succeeding series
;
the overflow from each series is considered as slime.

Only the last cone is fitted with arrangements which supply a current of

water under pressure.

Practically the whole of the overflow' from the classifying cones will pass

a 200-mesh screen, and, before passing to the slime plant, is thickened in

large tanks wn'th conical bottoms, made of redwmod. The feed into these

tanks is central, and the discharge opening is at the apex of the cone.

The cyanide treatment of the sand is eflected at one plant in a series

of vats, tw'enty in number ; each is 44 feet in diameter and 9 feet deep,

and holds 600 tons of dry sand. At another plant only five vats are used
;

each is 54 x 13 feet, and holds 1,250 tons of dry sand.

A Butters and Mein distributor feeds each row' of vats, and around each

vat there is a series of syphons, which are used to facilitate the withdrawal
of the surface water immediately after the solution has been run on. The
weak and strong solutions are carried overhead in separate pipes. To every

ton of pulp containing 43 per cent, solids 4 to 5 lbs. of lime, which has been
crushed in a separate mortar, are added. A further 0*4 lb. of lime per ton
is added on the top of the charge, and about 0*1 lb. per ton is added to the

solution. Table XXXIX. is a summaiy of the sand treatment.
The slime is treated in Merrill presses (see p. 373), of which 28 are used,

each containing 92 4-inch frames and 91 plates, and holding 25 tons of

slime. The daily capacity is 70 tons. The slime contains 35 per cent, of

solid matter, and is fed into two sludge tanks, 26 feet diameter and 24
feet deep, into which is also run a thick cream of slaked lime. From the
sludge tanks the pulp passes to the presses through an 11 -inch main. Filling

is complete in about 70 minutes, the end being determined by measuring
the quantity of water passing through in a given time. The ti'eatment

time is altered according as the rate of leaching is fast or slow.

Air,

Weak solution.

Air,

Strong solution,

Weak solution,

Water, .

Hours.

1 to 1*5

0*4 to 0-6

1 to 1-3

1 to 1-5

0*8 to 1*7

12 to 13 tons.
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TABLE XXXIX.

Approx. Time.
Hours.

Strength of Solution, Pressure
of Air, etc.

Effluent.

Filling, . 9 Overflow containing slimes

to clarifying tank.

Draining, 16

4 lbs. per square inch.

To sewer.

Aerating, 16

Leaching, 16
{

O'lO per cent. NaCN.
Au, .fO.SO.

J Mainly to sewer. At end

\ to precipitation boxes.

Draining, 16 Weak solu-^

Aerating, 13

r

5 lbs. per square inch.

0*10 per cent. NaCN and

tion sump.
Precipitated

-in zinc

boxes.
Leaching, 14

\
some from weak solution

1
Weak solu-

[

11

9

12
{

sump.

5 lbs. per square inch.

j

tion sump. ^

]

rNaCN and
lime added

Draining,
Aerating,

Leaching,
0*055 per cent. NaCN.
Au, $0.02. 1 Strong: solu- and pumped

Washing, 16
{

Water tank.
Clarifying tank overflow. j

tion sump. to strong
solution

^storage.

Sampling,
Precipitated

3
\ tion sump.

and run to

,
sewer.

Discharge, 1 9
Sewer.

Filling, . 1 .

^

Table XL. gives the various operations of slime treatment in brief

outline, and indicates the source and destination of all the solutions used.

TABLE XL.

Approx.
Time.
Hours.

Source, Strength of Solutions,
Pressure, etc.

Approx.
Time.
Hours.

Effluent.

Filling,
1

I
Aerating, 1

Leaching, - |0'3~0'4|

Aerating, -

Leaching, -

Leaching, -

Washing,
-

|

Discharging, 1 j

Sludge pressure tank.

30 per cent, solids.

Sp. gr. 1 '26. Au. , $0. 87.

26 lbs. per square inch.

25 lbs. per square inch.

0-027 per cent. NaCN.
Aik. 12.

18-20 lbs. per square inch.

Au, 10.02.

25 lbs. per square inch.

NaCN, 0-05 per cent.

Au, $0.52.

18-20 lbs. per square inch.

NaCN, 0-027 per cent.

Au, $0.02.
18-20 lbs. per square inch.

Wash water tank.

Through cloths and across

cakes. 30 lbs. per sq, in.

Upper water tank.

Through nozzles in sluic-

ing bar. 60 lbs. per sq.

in.

Part to clarifying tank
|

1 overflow to wash water !

tank. Part to sewer.
|

2 Sewer.
j

Low Clarified,

1 -3 solution PPtd.
sump. and to sewer.

Weak 1 Clarified, pptd.,

1*7 solution I and to weak I

sump. J solo, storage.

0*7

Low
^ , solution

sump.
Sewer.

\ Pptd. and run 1

j

to sewer. i
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The precipitation of the gold in the enriched cyanide solutions is ejected

by means of zinc dust. At each plant there are two sumps containing weak

solution, one of which is filling while the precious metals in the solution

from the other are being precipitated. The zinc dust is fed to a small stream

of solution, which carries it forward to join the main stream from the sump
at a point just beyond the discharge. Both zinc and solution are then pumped
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up to the Merrill presses, where the fine gold is caught on the filter cloths

and the barren liquid is discharged to the weak solution storage to be used
again. In the case of the ‘‘ low ” solution, the liquor is carried by gravity

to a press situated below the level of the tank, and the zinc is added as before.

The solution issuing from this press is run to waste.

Filter cloths are burnt after two months’ use and the ash added to the

bulk of the precipitate to be smelted. Sixty-two tons of the weak solution

pass through the presses per hour when the process is regular and the machines
are at their normal capacity. The following figures of the consumption
of zinc are given as typical results from an average month’s run :

—

TABLE XLI.

All Solution Precipitated.

No. 1 sand plant, . .
,

,

No. 2 sand plant, . . .
1

Slime, .

All,
1

Lbs. of Zinc per
Ton of Solation.

0-173

0-174

0-160

0-165

Lbs. of Zinc per Oz.

of Gold Precipitated.

1-22

1-

31

2-

84
1-84

» At the end of each month a strong current of air is blown through the

presses, in order to displace all remaining solution, and then the precipitate

is discharged into a shallow tray placed beneath. The zinc is dissolved out

of the precipitate by means of sulphuric acid (66° B.) in a lead- lined tank,

and after the precipitate has been washed thoroughly and allowed to settle,

the supernatant liquor is drawn ofi through a small filter press. Finally

the precipitate itself is forced through the press, diied somewhat by a

current of air, and then placed in trays to be dried over a steam chamber.

After drying, the precipitate is mixed with suitable fluxes of litharge,

borax and old slags, and moulded in a special machine into briquettes of

7 lbs. each. The briquettes are further dried in an enclosed furnace, and
then charged on to the test of an English cupellation furnace. The test is

made of 75 per cent, cement and 25 per cent, limestone. Lead bullion is

first added to the furnace which has been heated already for some hours,

and when the lead is molten the briquettes are charged in. The test soon

becomes full of molten material, and at this stage the slag is drawn ofi

and more briquettes added. Additional lead is now introduced and an air

blast applied across the sm4ace of the metal. Molten litharge is run ofi

at intervals until none is left, -when the heat is increased for a few

minutes, and the bullion allowed to cool. This is then cut up, melted in

a wind furnace, and cast into bars of about 980 fine. Most of the by-

products, such as slag, spent litharge, matte, stained cupels, etc., are treated

in a small water-jacketed blast furnace, in order to recover any values

which they may contain.

Waihi Gold Mine, New Zealand,^ 1906,

Crushing in Cyanide—Cyaniding of Concentrate .—The rock from the

mine is crushed in two series of Gates’ crushers until it passes a 1-inch to

IJ-inch ring. The crushed material is elevated to the stamps, of which

1 F. N. Rhodes, May. (New York), Jan. 1906, p. 15.
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there are 330 in use, ranging from 850 to 1,250 lbs. in weight. Cyanide
solution is fed into the mortar box. The pulp issuing through the screens
is sized in pyramidal shaped boxes, whose sides are arranged at an angle
greater than 55'" to the horizontal. The slime passes to the slime plant, and
the sand to the tube mills.

The latter are 20 by 4-J feet, and one mill handles the product from thirty
stamps. Muntz metal amalgamation plates are arranged in a separate
building after the tube mills, and over these the slime from the classifiers

is run. About 15 per cent, of the gold and silver in the ore is thus caught.
The pulp is again sized after amalgamation, the slime going on to the agitators
and the intermediate and coarser sand being treated on Union vanners
and Wilfiey tables. The sand from the concentrators is treated in spitz-

luten and spitzkasten yielding 40 per cent, of slime and the rest sand. The
latter is treated by leaching in large steel or concentrate vats for four to six
days, the solution used containing 0*2 to 0*5 per cent, of cyanide. About
1 ton of sump solution and water washes is required for each ton of ore in
the vat to remove the gold and silver in solution.

Lime is added to the slime to facilitate settlement, and it is then thickened
and settled in large tanks. From these it passes to agitation vats, where it

is stirred vigorously with 0*07 to 0*12 per cent, cyanide for about 45 hours.
The slime next falls into a Monteju, or pressure tank of egg shape, and is

forced into the filter presses. After washing with weak solution and then
with water, the slime cakes are sluiced into the river.

The concentrate ^ from the vanners, consisting chiefly of the sulphides
of iron, zinc, copper and lead, is kept under water to prevent oxidation,
and is first treated in Krupp tube mills. The product is sized, the sand
returned to the tube mills and the slime sent forward to be agitated with
0*12 to 0*3 per cent, cyanide solution in a series of ten connected cylinders
(16 X 6 feet) with conical bottoms. The concentrate is finally filter-pressed

to remove the rich solution. About 500 tons of concentrate are produced
each month, assaying about 6*5 ozs. of gold and 65 ozs. silver per ton.

The enriched solutions are precipitated by zinc thread, the precipitate
being fed on to the hearth of a cupellation furnace, and the resulting bullion
refined by the Gutzkow process.

The capacity of the plant is about 1,000 tons of ore per day, and the
extraction is given as 96 per cent.

The Argo Cyanide Mill, Idaho Springs, Colorado, 1913.2

Concentration—CounteT-current Decantation .—This is a customs mill, and
treats the ores from the mines in the surrounding district. The material is

first crushed in gyratory breakers, and is then sampled, afterwards being sent
to the stamp mill.

The stamps are twenty in number and weigh 1,000 lbs. each. They are
electrically driven, and crush 135 tons per day, using a 12-mesh screen and
a 4-inch height of discharge. Cyanide solution, to which a definite amount
of lime has been added, is fed into the mortar box. Short (5 feet) amalgam-
ation plates are used, as it was found that longer ones were more difficult

1 E. G. Banks, M'ng. and Soi. Pms, Jan. 21, 1911, i3 . 142 : W. Gowland, Nm-Fcrrom
tals, p. 279.
2 S. L. Goodale, Eng. and Mwj. J., 1913, 96 , 385 ;

J. V. 3Sr. Dorr, ibid., p. 1036.
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to keep in condition owing to the nse of cyanide in the mortar. Tke amal-
gam traps used are electrolytic in action, the cathode being formed by a
copper plate floating in a bath of mercury contained in a cone-shaped vessel,

and the anode by the discharge pipe which is placed 3 inches above the
copper plate.

The pulp from the stamps passes to a duplex Dorr classifier, and is then
distributed to five Card concentrators, which give fom^ products :—(1) Lead
concentrate

; (2) iron concentrate (both these go to a Dorr classifier and
then to separate bins)

; (3) middling, which is again concentrated on another
Card table; (4) tailing which goes through a three-unit Dorr classifier and
then to waste, containing probably 50 cents per ton of value. The concen-
trate from the middling is shipped, while the overflow unites with that of

the spitzkasten and finally goes to a small classifier. The slime from -the latter

goes to two 10-feet agitators, and the sand passes to a small tube mill, the

discharge from which returns to the classifier. The underflow from the air

agitators is treated again in one 12 by 20 feet tank and one Parral agitator,

which are followed by four large Dorr thickeners. The last of these is

higher than the first, and the others are placed intermediately so that the

solution travels back by the action of gravity. The overflow from the first

vat goes to the clarifying filter and then to the zinc boxes. The underflow
from each of the other tanks passes to the next one in the series.

Three five-compartment zinc boxes are used, the head compartment of

each box carrying a frame of 20 anodes and cathodes (5x4 inches), as an
electrolytic oxidiser and an antidote to cyanicides in the solution.

Lluvia de Oro Mill, Chihuahua, Mexico, 1913.^

Crushing by Nissen Stamps—Counter-current Decantation .—The ore from
this mine is very hard, and requires to be so crushed that at least 95 per

cent, will pass through a 200-mesh sieve, in order to expose the fine particles

of precious metal.

From the mine the ore passes to a grizzly. The oversize from this is

crushed in a rock breaker, and joins the undersize on its way to the storage

bin which feeds the stamp battery.

Twelve Nissen stamps, each weighing 1,500 lbs., and having individual

mortars, are in use. The mortars are cast in two pieces, to facilitate repairs

and removals. A 10 H.P. motor drives each set of four stamps, the height

and frequency of drop being maintained at 8 inches and 105 times per minute
respectively. The daily capacity of the mill is about 80 tons. Cyanide
solution is run into the mortar, and amalgamation is not practised, as it

was the opinion of the operators that the material which could be amalgam-
ated could conveniently be concentrated, thus saving time and money in

retorting, etc.

From the battery the pulp passes direct to two Baylis classifiers, the

fine material from which goes to the distributing box for the concentrators,

while the coarser portion is reground in two 3|- by 16 feet tube mills, and
eventually travels to the concentrators. The tube mills have an El Oro
lining (see p. 235), and use pieces of ore from the mine instead of

pebbles for crushing the pulp. The concentrators consist of five standard

table machines. They deliver their concentrate to the appropriate bin

1 H. R. Conklin, En<j. and Mug. J., Mar. 15, 1913, p. 551.

27
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Pig. 184.—Plow Sheet of the Llwia de Oro Mill, Chihuahua, Mexico.
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and their tailing to two Dorr classifiers. From the bin the concentrate
is re-treated on another table, and then sent to the bullion room. The sand
from the Dorr classifiers is reduced in two tube mills in a closed circuit with
the Dorr machines, the fine pulp being carried to a series of eight Johnston-
Frue vanners. The concentrate from these joins that from the tables, while

the tailing is thickened and rid of most of its contained mill solution in two
tanks, 18 X 6 feet, and then enters the continuous agitation and thickening

system, which is a featoe of the mill. The present method is continuous

agitation in four of the five tanks in use, and washing in five thickening tanks.

The piping used is automatic. Nearly all the gold and silver dissolved during

agitation goes into solution in the first three tanks” (Conklin). Cyanide
is added to the first agitation tank in a small stream of strong solution.

The first thickening tank takes its supply from the last agitation tank
;

its

clear overflow goes to the precipitation tank, while the thickened material,

together with barren solution, forms the charge for the second thickener.

The overflow from the remaining tanks is used as mill solution, and the under-

flow from each successive tank passes to the next one in the series, mixed wdth

barren solution (or, in the case of the last one, with water), until finally it

is discharged to the dump. It is claimed that the most important fact

developed in the operation of the mill is that the changing of the solution

in contact with the pulp increases the extraction much more than either

a longer time of agitation or the use of a stronger solution.” The adoption

of the continuous agitation principle has increased the extraction and enabled

the use of a weaker cyanide solution, thus decreasing the loss of cyanide in

the tailing moisture.

The metals in the solution issuing from the agitation tanks are precipitated

by zinc in the form of shavings, and also as dust. The former is used in the

ordinary type of zinc boxes, while the latter is added as a thick emulsion

to the liquid in the precipitation tank. The precipitate is acid-treated, to

rid it of zinc, and washed thoroughly. Finally, it is collected in a filter

press under a pressure of 20 lbs., again washed and dried by a current of air.

The accumulated precipitate is smelted with fluxes in a battery of electric

furnaces,^ each 4 feet- deep and 16 inches along both sides. The furnaces

have a fire-brick lining, and are of the resistance type, the graphite electrodes

being placed so that one just penetrates through the bottom of the fmmace
and the other enters the slag floating on the top of the molten metal. Alter-

nating current is supplied at 60 cycles per second and 110 volts from a three-

phase generator.

Yamagano Gold Mine, Satsuma, Japan, 1914.

This mine, situated in the locality of Kagoshima, is the fifth largest

mine in Japan in the order of tons of ore treated, and the second in the order

of gold produced.^ Gold was discovered in this region early in the seven-

teenth century by ancestors of the present owners. Up to 1912 the district

had yielded 1,200,000 ozs. of fine gold.

The ore is found in volcanic fissure veins, the country rock being compofsed

principally of augite-andesite, tufi and volcanic conglomerate.

1 H. R. Conklin, Eng. and M'ng. June 15, 1912, p. 1189.
2 “14th Financial and Economic Annual of Japan,” 1914, pp. 58, 59.
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The ore is broken in a Blake machine and sized in a trommel, pieces

larger than inch being returned to the breaker. Barren ore is largely picked

out by hand on a sorting table, and the residual material passed to the ore

bins.

There are two mills in operation,^ one at Yamagano and the other at

Nagano, the latter being the more important.

At Yamagano 20 stamps, each weighing 900 lbs., crush 660 tons (2,240

lbs.) monthly, the pulp running over four sets of fixed and shaking amalgam-

ation plates, and then to spitzkasten. The slime from these goes direct to

the cyanide plant
;

the sand is concentrated on three Wilfley tables, the

concentrate being subj ected to pan-amalgamation. The remaining sand passes

to the cyanide plant to be treated by percolation.

At Nagano the ore is carried to a grizzly, 7 x 15 feet, and the oversize

from this to a Gates' gyratory breaker, to be reduced to something less than

2-inch size.

The mill contains eighty 900-ib. stamps, set to an 8-inch drop and oper-

ating 80 times per minute. The monthly output is 2,200 tons (2,240 lbs.).

Sixteen pairs of fixed and shaking amalgamation plates are fixed in front

of the battery, and from these the pulp goes to four hydraulic cone classifiers,

which discharge the sand on to a series of Wilfley tables and the overflow to

the slime plant. The concentrate is smelted, the tailing being treated in the

cyanide plant. The amalgam obtained from the plates has an average

content of 19 per cent, of gold and 13 per cent, of silver.

The sand is fed into four collecting vats (30 x 6 feet 4 inches), by means
of a Butters’ distributor, and the water drained off with the aid of a vacuum
pump. The leaching vats, into which the sand is then removed by shovelling

and tipping, are 30 feet in diameter and 7 feet 4 inches deep, and are fitted

with false bottoms, from beneath which all solutions enter. The acidity of

the ore is neutralised with 0*5 per cent, of lime, and then a solution of 0*3* per

cent, cyanide is allowed to remain in the tank for 24 hours. After this time,

the solution is drained away from the bottom, the operation being completed

by means of the pump. Dilute (0*08 to 0-1 per cent.) cyanide solution is next

added, the volume being twice that of the sand to be treated, and this remains
in contact for from 40 to 72 hours. Thorough washing follows, the whole
treatment occupying about 160 hom’s. All solutions pass to the gold pre-

cipitation house.

The slime from the classifiers is settled in 14 ponds and the clear water
run off. The thickened material (ratio IJ to 1) passes to three agitation

tanks, 15 feet in diameter and 11 feet 6 inches deep, fed with 60 lbs. of potas-

sium cyanide and 7 tons of weak cyanide solution for every 15 tons of slime.

It is agitated for 10 hours by compressed air, with the aid of an outside

centrifugal pump. From these tanks the slime passes to two Dehne presses,

whence the solution and washings are carried to the precipitation house
to be clarified and afterwards precipitated.

Solutions from the slime and sand plants are treated in separate zinc

boxes, eight of which are provided, each having 14 compartments, and
containing, in ail, 700 lbs. of zinc shavings. Twice a month these are taken
out, washed thoroughly to detach as great a proportion as possible of

the precipitate, and the remainder dissolved in dilute sulphuric acid. The
residue is washed and smelted in plumbago crucibles.

1 T. M. Yoshida, Emj, and Mng. J., Jan. 1914, 97, 161, 217.
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Uwarro Mill, Candor, North Carolina, 1914.^

All-Sliming by Rolls and Tube Mills.—The ore is a hard, tough quartz.

It passes through a l-inch grizzly, and the oversize is fed to a breaker of the

Blake type, with chrome-steel jaws set for l|-inch product. A belt conveyor

carries the broken ore to a bin, whence it passes with mill solution through

two sets of rolls successively. The product from the coarse rolls passes through

a screen with |-inch round holes, and that from the fine rolls thi’ough -^-inch

round holes, or J-inch woven wire screen. The crushed ore is classified and
the coarse sand with some solution added passes to a tube mill and thence

back to the classifier, a closed circuit being formed. The overflow goes to

a Dorr thickener, and the overflow from this goes back to the mill solution

tank. The thickened pulp goes to three Hendryx agitators arranged for

continuous agitation. The agitation period is about eight hours, and an ex-

traction varying from 94 to 97 per cent, is obtained. The agitators have steam

coils inside the pulp, which is heated to about ,

90°. The filter is a Kelly

press, which works only by day. The solution is expelled from the cake

until it contains only 8 per cent, of moisture, and the cake is then discharged

as tailing without any washing whatever. The tailing averages about 36

cents (0-35 dwt.), including both dissolved and unextracted gold and silver,

and is sometimes as low as 20 cents. The pregnant solution is clarified in

a press, and precipitated in zinc boxes. The precipitate is dried in a pan

by steam and melted in a tilting fiumace fired by kerosene.

1 P. E. Barbour, Enff. and Mny. J., Oct. 24, 1914, p. 729.
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CHAPTER XVIIL

THE REFINING AND PARTING OF GOLD BULLION.

General Considerations.—-By whatever process gold may have been extracted

from its ores, it is necessary to melt the crude bullion hnd cast it into bars

so that its value may be ascertained, and that it may be put into a form

convenient for transportation and sale. The name “ bullion ’’ may be con-

veniently restricted to the precious metals, refined or unrefined, in bars,

ingots, or any other uncoined condition, whether contaminated by admix-

ture with base metals or not. It is, however, often applied to coin, and

the appellation “ base-bullion ” is given to the pig-lead or to copper bottoms

or pig-copper, which have been obtained in smelting operations, or as the

result of melting worn-out amalgamated copper plates. Such materials

may contain only a few parts per thousand of gold and silver, the main
portion consisting of base metals. The treatment of base-bullion, however,

properly belongs to the metallurgy of argentiferous lead and copper, and
the descriptions given in this chapter apply to bullioil which is valuable

almost entirely on account of the gold and silver contained in it.

The operations to which the retorted metal, gold from the smelting

operations in cyanide mills, etc., are subjected may be summarised as

follows :

—

1. The bullion is melted in crucibles (a rough refining operation being

usually effected at the same time) and cast in. ingot-moulds.

2. Assay-pieces are cut from the cast ingots or dipped from the molten
metal before pouring, and assays are made on these, by which the value

and composition of the bars are ascertained.

3. The bars are then usually sold to the refineries, where the base metals

are eliminated and the gold and silver separated by parting,” and cast

into bars separately. Both before and after the parting it is sometimes
necessary to subject the bullion to further refining operations. The bars

of gold and silver thus obtained, being of a high degree of purity, are in a

condition to be used for minting, or for the various industrial purposes to

which they are applied.

Composition of Bullion.—Bullion varies greatly in composition, and
gold may be present in any proportion up to nearly 100 per cent. The gold
obtained in some chlorination mills was of a high degree of purity and rarely

contained much silver. This precipitated gold, however, generally made
brittle bars owing to the presence of a few parts per thousand of lead, bismuth,
antimony, etc. From some chlorination mills the gold was far from pure,

owing to various causes. When ferrous sulphate was used as the precipitant,

the precipitate sometimes contained ferric hydrate from which some iron

was reduced in the crucible, and if sulphuretted hydrogen was used and the
gold precipitated as sulphide, it was contaminated with all the heavy metals
contained in the solution, copper, iron, and lead being most often encountered.
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Retorted metal is of very difierent degrees of fineness, according to the
nature of the ore and the course of treatment. It is usually about 990 fine

in gold and silver taken together. Placer gold is usually finer than that

derived from lodes, containing a smaller percentage of silver, while the nature

of the material treated and the methods used in placer operations are not
favourable to the contamination of the bullion with base metals, which vary
in amount only from 0 to 20 parts per thousand, and seldom approach the
latter figure.

Gold from battery plates is usually much less pure than placer gold, the

percentage of base metals being sometimes much higher, a state of things

due in great part to the difference in the method of treatment. The bullion

from pan-amalgamation is less fine than battery gold, containing less gold,

more silver, and more base metals. Retorted gold sometimes contains large

quantities of iron, and copper is also a common impurity.

Bullion from the cyanide process is sometimes of very low standard,

containing as little as 10 per cent, of gold. The predominating impurities

are zinc and lead. Gold coming from the cupellation furnace (Tavener

process) and from the crucible smelting of gold slime with manganese
dioxide is usually from 960 to 980 fine in gold and silver.

The Melting Furnace.—The furnace used for melting the bullion is of

simple construction. It may be round or square, with walls consisting of

an outer layer of ordinary brick and an inner layer, at least 4 inches thick,

of the best firebrick. There is often a complete outer casing of iron, which
is useful in keeping the furnace from falling to pieces, but radiates more
heat than the bricks. The fire-box in a small coke furnace may be about

1 foot square and about 2 feet deep. (The largest coke-fired furnaces at the

Royal Mint were round, 21i inches in diameter and 31-| inches deep.) Below
is an ashpit, usually lined with a cast-iron tray and provided with a working

iron door, through which the air-supply of the furnace passes, and by which
it is regulated. The fire-bars are movable, and their ends rest loosely

on iron supports. The top of the furnace may be made flat or sloping up
towards the back at an angle of about In this case a wide flat ledge

should be provided at the front, on w’hich crucibles and moulds can rest.

The top is always made of a cast-iron flanged plate, with an opening of the

same area as the fire-box. This opening is closed by a cast-iron sliding door

made in one or two pieces, and preferably lined with firebrick and running

on rollers. The flue is placed at the back of the fire-box near the top
;

in

a small 12-inch square furnace the cross-section of the flue should have
an area of about 16 or 18 square inches

—

e.g,^ 4 inches square-—varying,

however, with the height of the stack, a higher stack going with a smaller

flue. The flue communicates with a stack, which must be of brick for a

distance of 2 or 3 feet from the furnace, but may be of wrought-iron tubing

in its upper part. The height of the stack will depend on the position of

the furnace, and should be as great as possible, 60 feet giving better results

than any less amount. It has been stated that a height of 30 feet is the

minimum that can be allowed in order to ensure a good draught, but very

satisfactory results can be obtained with a stack only 16 feet high. The
furnace can be built by any bricklayer acting under directions. No mortar

is used in its construction, clay, mixed with an equal bulk of sand, being

substituted for it. A sliding damper in the flue at a convenient height above

the ground is necessary, so as to regulate the draught. The fuel used in

such a furnace may be anthracite, charcoal or good coke, made in coke
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ovens, and broken into pieces of moderate size. If the coke is of kigb quality,

it is tile most satisfactory solid fuel, making a hot fire and lasting for a long

time, so that it does not require very frequent replenishing. Neither dust,

nor very small, nor very large pieces must be used. Cbarcoal is preferred

in the United States Mints for small charges, and anthracite for large ones.

Gas furnaces are also used, as at the Koyal Mint, the crucible being heated

by one or more burners, each with a blast of air, placed at regular intervals

in the circumference. Gasolene or naphtha furnaces are also in use.

Fig. 185.—Coke Melting Furnace, Koyal Mint.

The flues should pass into dust chambers. At the San Francisco Mint

the dust chamber is 12 feet high, 1 foot wide, and of the same length as the

row of furnaces, and at the Melbourne Mint the dust chamber is 8 feet high

and 5 feet wide. Baffle plates should be inserted in the dust chambers, which

are built of brick.

Royal Mint Furnace.—Om of the gold melting furnaces formerly in use

at the Royal Mint, London, is shown in sec-

tional elevation in Fig. 185, and a fire-bar

belonging to the furnace is shown in Fig. 186.

The crucible A stands on B, which consists of

the lower part of an old plumbago pot cut ofi;

about 2 inches from the bottom. C is the
‘‘ muffle,” a plumbago cylinder 6 inches

high, resting on the crucible. It enables

a deeper bed of coke to be used, and

also gives space for charging-in bulky material. The furnace is 12 inches

square and 2 feet deep above the fire-bars. The pot is 8| inches diameter

at the widest part, and its charge is 1,200 ozs. of standard gold. The flue

D is 4| inches deep and 5 inches wide, and communicates with a stack 45 feet

high. The fire-bars, B, are 22| inches long and 2 inches deep.
^

They are

tapered downwards, especially in the middle portion. The section of the

CZ:

[Jo Jp
Scxxle. ttv Jtvs.

<0 e m 18
L I 1 I

Fig. 186.—Fire-bar of Coke
Melting Furnace, Royal Mint.
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thick part near the ends is shown at 0, Fig. 186, and that of the middle

part at P, Fig. 186. The projection F is used for withdrawing the bars. G G,

Fig. 185j are the supports for the bars
;
they are of 2-inch square iron, and

let into the brickwork. H is the ashpit, 12 inches by 3 feet 4 inches and
9 inches deep below the floor. It is lined with f-inch cast-iron plates. J
is a sliding iron plate covering the exposed part of H. K K are cast-iron

plates I inch thick covering the furnace. There are four fire-bars and their

thickened ends nearly touch, occupying 11 inches in the width of 12 inches.

The spaces between the middle parts of the bars, however, are over J inch

wide, and some air passes in between the bars, iDut most of the ah enters

Figs. 187 and 188.—Bullion or Cornish Furnace, Two Pots.

the fmrnace through the aperture L which is 3| inches high above the fire-

bars and 12 inches wide. The pot-support B rests on the two middle fire-bars,

so that the outer fire-bars can be withdrawn without disturbing the pot.

The furnace is lined with firebrick, M M, 4-| inches thick, the outer layers

N consisting of ordinary brick. The top of the furnace is 29 inches

above the floor line. A row of eight furnaces have one stack in common.

The distance between the centres of two adjacent furnaces is 2 feet 6 inches.

These furnaces have now been superseded by gas fiunaces, using coal

gas, with air supply under pressure. The furnaces are circular, and the pots
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take a charge of about 2,800 ozs. of gold. Furnaces are often placed witk

their mouths flush with the floor of the melting house, to facilitate charging

and manipulating of the crucibles by hand.

A melting furnace in use on many mines on the Hand is shown in plan

and elevation in Figs. 187 and 188.^ The “ air supply ” pipe accelerates

the rate of melting. The fuel is coke. The stack is in this case about 50 feet

high. Crucible tilting furnaces fired by coke, oil or gas are now coming into

use for melting. They work more quickly than the stationary furnaces,

but are more expensive to install. One of their advantages is that the pot

remains in the furnace during pouring and recharging, and is less cooled

Fig. 189.—Tilting Gas Furnace.

down than pots which are lifted out before being poured. The reduction

in the amount of alternate heating and cooling gives a longer life to the
crucible. Solid fuel is less used than gas or oil for these furnaces. A gas
tilting furnace is shown in Fig. 189. The crucible is held in place by three

projecting bricks, and the gas nozzles are seen on the left. The flue is not
shown. Electric furnaces are beginning to be used for melting metal.

The Crucibles.—The bullion is melted in either graphite or clay crucibles,

or in graphite pots lined with clay. Detachable clay liners are sometimes

^ Schmitt, Rand Metallurgical Practice, vol. ii.,
x>. 185.
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used, or a clay pot may be fitted inside a grapliite guard pot. Tlie size of

tire crucibles and the weight of the charges of bullion vary greatly, but in

extraction mills, as a general rule, a gold-charge does not exceed 400 ozs.,

and a silver-charge 1,200 ozs. in weight. In mints and refineries, much larger

crucibles are employed, holding different amounts up to 6,000 ozs. of metal.

Melting the Bullion.—^All crucibles must be thoroughly annealed before

being used ;
otherwise, the contained moisture being suddenly converted

into steam when the crucible is heated rapidly, the pots crack. The crucible

is kept on a shelf near the flue, for as many days or weeks as convenient,

before being used. It is then placed on the top of the furnace or in the ashpit

for a few hours, when it will probably be safe to hold it over the open fmmace
by means of the crucible tongs, until it becomes gradually warm. After a
few minutes, the crucible being turned round at intervals, it can be lowered

rim downwards upon the burning fuel, and as soon as the rim becomes red-

hot, the crucible is quite safe, and may be turned over and placed in position

for the reception of the gold. With Salamander crucibles, a less degree of

care in annealing will suffice, as they are well annealed before being sold.

The crucible rests on a firebrick about 3 inches thick, which is laid on the

Fig. 190.—Cliargiiig-scoop and Slioot.

bars of the grate. If the firebrick \vere omitted, the bottom of the pot, resting

directly on the fire-bars, would be too cold, while a layer of fuel, if placed

below the pot, would soon be burnt out, and could not readily be replaced,

so that the pot would sink down to the bars. The fuel is built up round
the pot until it reaches to its rim, or the top of the muffle, and the fire urged
until the whole pot is at a full red heat. Borax is then thrown into the

crucible by means of a scoop to slag off metallic oxides and so assist the metal

to melt. As soon as the borax is melted, the introduction of the bullion is

commenced. The safest way to do this is to use the shoot shown in Fig. 190,

which is held in position, its lower edge being inside the crucible, with the

left hand, while the metal is transferred to it in a scoop by the right hand.

In this way the melter avoids all danger of loss which might be encountered

if the metal scrap were wrapped in paper and added by the tongs. Large
pieces of metal are added with the crucible tongs. The cover, which must
also have been previously well annealed, is kept on the crucible as much
as possible. The fuel is pushed down with the poker to avoid scaffolding,

and fresh pieces of coke added when required. The crucible is not allowed

to become more than two- thirds full at any time, but more metal is added
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when the first supply has been melted down, and the operation repeated

until the pot is sufficiently full of molten material.

Eefining or Touohening^

Methods of Refining.—The processes in use are as follows :

—

1. Volatilisation.

2. Oxidation (a) by air blowing or roasting.

(b) by “ bessemerising.”

(c) by nitre.

(d) by metallic oxides.

(e) by cupellation.

3. Chlorination.

4. Sulphurisation.

5. The use of iron or carbon.

The method to be used depends partly on the composition of the bullion,

and partly on the means at the disposal of the operator. Cupellation belongs

properly to the metallm’gy of silver and lead, and need not be dealt with

here. (See, however, Tavener’s process, p. 391.) The other operations,

except roasting, are usually carried out in crucibles, although reverberatory

or tilting furnaces are sometimes used for work on a large scale.

1. Refining by Volatilisation.--The volatile metals are partly removed

by melting the bullion. Mercury is almost all volatilised when the gold is

melted. Mercury boils at 357°, sulphur at 445°, arsenic at 616°, selenium

at 690°, cadmium at 770°, and zinc at 910°. Pure gold melts at 1,064°, but

its melting point is lowered by the presence of impurities, and the temperature

of molten bullion in an ordinary furnace may be taken as between 1,000°

and 1,100°. At this temperature part of each of the elements mentioned

above is volatilised, and the higher the temperature and the longer the time

during which the metal is kept molten, the smaller will be the proportion

• of the volatile elements retained by the gold, but they cannot be entirely

removed by heat alone.

The losses of gold and silver by volatilisation are small. At 1,100° their

vapour pressures are insignificant, and are independent of the presence

of the impurities named. If, however, a large proportion of volatile elements

are present, and the mixture boils, gold and silver are carried off mechani-

cally as spray owing to the bursting of the bubbles, and the losses may be
serious. The losses are increased by the passage of cmrents of gases over

the surface of the molten metal, and consequently it is better to cover the

metal with charcoal, bone ash, fluxes, or a crucible lid. The use of dust-

chambers is desirable.

The losses by volatilisation or as spray are higher in some of the other

refining processes, so that dust-chambers are the more necessary when these

are used.

2. Refining by Oxidation—(a) By Means of Air.—The use of a blast

of air on the surface of molten gold or silver is probably the oldest of the

refining processes. The method appears to be described in the Book of

1 The word “ refining ” is a convenient one to denote the removal of impurities from gold
and silver. In refineries this is called “toughening,” the word “refining” being used to
denote the separation of gold from silver and copper, which is often called “parting” in
metallurgical literature.
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Ezekiel,^ to whick the date b.c. 593 is assigned, and the principle is the
same as in cupellation, which was practised by the ancients before b.c. 500,

and perhaps as early as b.c. 2600.^ In cupellation, the oxides of the base
metals are dissolved and slagged ofi by litharge, but if a blast of air is used
when lead is not present in large quantities, it is necessary to add other

fluxes, as many oxides are almost infusible by themselves. In 1580, Ercker
recommended the metallurgist to melt brittle gold “ with good Venetian

borax and drive it before the bellows till it endureth the blowing.” ^ The
method is still in use at some mills to raise the fineness of low-grade bullion,

but does not seem to be employed regularly in refineries. If the' oxides of

iron, etc., are not slagged ofi, the dross collects much gold which is difficult

to separate by heat alone. If large quantities of base metals are present,

the slag soon covers the surface of the metal, and prevents the access of the

air. It is, therefore, necessary to skim ofl slag at frequent intervals, keeping

the middle of the charge free from slag to enable oxidation to proceed.

In certain cases, the same object may be attained by granulating the

bullion, roasting the granulations spread out on trays at a red heat, with

frequent stirring, and melting the product with borax and sand. After

two or three repetitions of such treatment, the bullion may be refined suffi-

ciently to be sold.^

(6)
‘‘ Bessemerising” ^—This method consists in passing a stream of air

or oxygen through molten bullion in clay pots by means of clay pipes similar

to those used in Miller’s chlorine process. The base metals are oxidised

successively in the order zinc, icon, antimony, arsenic, lead, bismuth, nickel,

tellurium, copper. The oxidation of these metals, however, proceeds to some
extent simultaneously, some copper being oxidised before the last traces

of zinc are eliminated from the bullion. The oxides rise to the surface of the

metal, and are slagged off with a mixture of borax and sand. Four parts of

sand and three parts of borax are enough for slagging off about sis parts

by weight of base metals. Lead requires less than one-third its weight of

sand, zinc and copper an equal tveight of sand, and iron needs times its-

weight of sand. The borax may be in great part replaced by about half its

weight of sand, but in that case the amount of iron in the slag should be
kept greater than the amount of zinc. Tin oxide may be slagged off by pearl

ashes. The zinc comes off first as a sheet of flame. Then sparks, due to the

formation of magnetic oxide of iron, are seen above the charge
;
afterwards

the action proceeds more quietly. The end of the operation is difficult to>

determine, except by measuring the air passed through or by dipping out

part of the metal, casting it, and bending the ingot. If it is tough, only gold,

silver, and copper remain unoxidised. A little silver oxidises simultaneously

with copper, and if all the copper is removed into the slag, from 10 to 50 per

cent, of its weight of silver is also oxidised, and passes into the slag, from
which it is recovered by fusion with carbon and iron. If the operation is

stopped as soon as the metal is tough, the losses of silver in the slag are

small. The losses of gold in the slag are insignificant, and bullion 990 fine

in silver and gold may be obtained &om metal only 500 fine in an hour or

two. The slag prevents loss by projection or volatilisation, and the cost

^ Ezeldel, chap. xxii. 18-22
;

see also Jeremiah, chap. vi. 28-80.

^ See Hoover’s Agricola, p. 465, “ Historical Note on Cupellation.”
® Pettus on Metals (translation of Ercker’s book, London, 1686), p. 218.

f J. S. MacArthur, Trans. Inst. Mng. and Met., 1905, 14, 429.

® T. K. Rose, Trans. Inst. Mng. and Met., 1905, 14,378.
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is trifling. This method was used at the Mint to toughen 41,000 ozs. of brittle

standard gold in 1905. Oxygen was passed through charges of 1,200 ozs.

for 15 minutes. The loss of gold was about the same as in ordinary melting.

The method is also used in refining by chlorine gas, see below, p. 463.

The method was also tried on low-grade cyanide bullion on the Rand
by C. W. Lee and W. 0. Brunton.^ In this case air was used. The boro-

silicate slag was skimmed ofl before the metal was poured, thus avoiding the

difficulty of its removal after pouring. The results were successful, but the

scarcity of low-grade bullion on the Rand and the success of the use of man-
ganese dioxide in the oxidation and slagging oft’ of the base metals prevent

the method from coming into use.

(c) Oxidation by Nitre .—This ancient method was described by Broker

in 1580,^ who explained that the nitre must be “ projected upon the gold

just before it melts, as it has little eftect on molten gold.” The method is

still in wide use. The bullion is melted in clay crucibles, and a little nitre

(potassium nitrate) or sodium nitrate is thrown on to the surface of the metal.

Violent bubbling at once ensues, as heat, converts nitrates into nitrites with

evolution of oxygen. The nitre is pressed down with a stirrer, and the nitrites

and undecomposed nitrates oxidise some of the base metals. The nitrates

and oxides corrode the pots, and it is better to have a ring of bone ash next

the pot, and to throw the nitre into the “ eye ” of metal in the centre. The
oxides are absorbed by the bone ash, which protects the crucible from attack.

After a minute or two, the action of the nitre moderates, and it is then,

together with the bone ash, skimmed of with a ladle, and the operation

repeated as often as necessary. If the metal is allowed to become pasty,

so that it can be mixed with the nitre, the action is much more rapid and
eftective. If too much nitre is added at one time, the charge boils over,

and part is lost.

Iron and zinc can be removed in this way, but the oxidation of lead is

more tedious, and bismuth, tellurium and copper are very troublesome.

The losses by spirting are heavy, and large quantities of both silver and gold

are entangled in the dross and skimmed oft. In the treatment of cyanide

precipitates the amount of these initial losses has been stated by Alfred

James to be 10 per cent.,^ and by J. S. MacArthur to be as high as 25 per

cent.^ There is little to recommend the method, which seems to remain
in use from force of habit. Potassium permanganate has also been used

as a substitute for nitre.^

{d) Oxidation by Metallic Oxides .—Black oxide of copper, CuO, was
formerly used in certain cases

;
it was mentioned by Plrcker. The oxide

is stirred in with the molten metal, and the whole then allowed to remain
in the furnace for a short time before poming. All base metals are oxidised,

the cupric oxide being reduced first to cuprous oxide, and then to metallic

copper. The cuprous oxide is dissolved in the metal, and so carries oxygen
to all parts of the molten mass. The process is efficacious, but the gold is,

of course, contaminated with the reduced copper. The method has been
in use at the Royal Mint for toughening brittle standard gold since 1907.

In 1908, 34,046 ozs. of gold were melted in 27 charges with 0-5 per cent.

1 Lee and Brunton, J. C%em. Met. mid Mng. Sog. of S. Africa, 1907, 7, 358.
2 Ercker, op. ait., p. 216.
3 Janies, Trans. Inst. Mng. and Met, 1905, 14, 423.
^ MacArthur, ibid., p. 427.
s W. R. Dowling, J, Chem. Met. and Mng. iSoo. of B. Africa, 1905, 5 , 224.
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€uO. The fineness of the gold was reduced from 916*6 to 914*9. There was
no loss of gold.

The use of manganese dioxide in the Transvaal in refining gold-zinc-

•slime from the cyanide process was described by Johnson and Caldecott

in 1902.^ Some silver is oxidised and passes into the slag, especially if copper
is present. As a cheaper alternative, the author proposed ferric oxide,^

but this has apparently not been tried, although in certain cases enough
ferric oxide is already present in the calcined slime to enable tough bullion

of good quality to be produced without the addition of manganese dioxide.®

In these cases, the oxides are reduced to lower oxides, but not to metals,

so that the bullion is not contaminated by the products.

In 1914, W. A. Caldecott ^ treated gol&ziuG slime from the cyanide
process with a large proportion of manganese dioxide, in order to remove
.as much silver as possible. The slime was acid-treated and thoroughly

^calcined, and then fused with 30 per cent, of manganese dioxide and similar

quantities of sand and borax. The final product contained on the average

gold 938 parts and silver 55 parts per 1,000. Apparently about half the silver

in the slime passed into the slag, together with the greater part of the base

metals. About 4,000 ozs. of ductile bullion suitable for use in coinage was
obtained in this way.

3. Chlorination,—Sal-ammoniac, NH^Cl, is sometimes used to remove
lead from gold bullion. When much lead is present, alternate additions of

nitre and sal-ammoniac have been recommended. It is probable that the

.sal-ammo3aiac acts by decomposing basic compounds of lead which resist

the action of nitre. Cupric chloride acts like gaseous chlorine, chloridising

base metals and being reduced to cuprous chloride which is volatilised.

The fineness of bullion is slightly raised by this agent, but it is not suitable

for ordinary refining, although it may be used for toughening brittle standard

gold or high-grade bullion containing traces of impurities. Gaseous chlorine

is better. Its use is described under the heading of Miller's process of Parting,

p. 450. In 1871, 40,000 ozs. of brittle standard gold were toughened at the

Mint by the use of chlorine gas.^ The charges were about 1,100 ozs. each,

and the time of passage of the chlorine varied from five to seven minutes.

The amount of impmdties removed was from 0*1 to 0*3 per 1,000.

An old method of removing traces of impurities from brittle gold was
to make repeated small additions of powdered corrosive sublimate (mercuric

chloride). After each addition the door of the fmmace must be at once

closed, as dense poisonous fumes arise which must not be breathed by the

workers. Volatile chlorides of zinc, copper, antimony, bismuth, etc., are

formed and pass ofi, carrying with them some gold, of which there is an

appreciable loss. A little corrosive subhmate sprinkled on the surface of

molten gold will completely toughen every part of it without being mixed

with it by stirring, even although the crucible contains several hundred ounces

of the metal.

In 1866, 8,800 ozs. of brittle standard gold were toughened in this way at

the Mint. It was divided into 14 charges of about 650 ozs. each, and from 12

to 16 ozs. of corrosive sublimate were added to each pot, the total amount

1 Johnson and Caldecott, J. Chem. Met. mid Mng. Soo. ofK Africa, July, 1902, 3 , 46.

2 T. K. Rose, ibid., Oct 1902, 3. 59.

3 H. A. White, J. OAem. Met. atid Mng. Soc. of S. Africa, Sept. 19, 1914, p. 51.

^ T. iC. Rose, Presidential Address, p. 4, Bull. Inst. Mng. and Met., April, 1915.

3 Second Annual Report of the Mint, 1871, p. 34.
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used being 182*3 ozs. troy, or about 2 per cent. Tbe tougb bars produced

weighed 8,762 ozs., the average fineness being 918*9, or 2*3 per 1,000 higher

than the brittle bars. The actual loss of gold was 6*657 ozs., or 0*756

per 1,000.

4. Sulphurisation is described by Agricola ^ as a method for separating

copper from gold. It is said to be practised in the United States Mints :
^

the following is a brief account :—It is effected in plumbago crucibles, and
has for its main object the elimination from retorted metal of iron, when,

as sometimes happens, it is present in large quantities. The metal is kept

just above its melting point, the temperature being as low as possible in

order to avoid unnecessary waste of sulphui* by volatilisation. Sulphur is

sprinkled round the edges of the molten mass, and stirred in with a graphite

stirrer. If sulphur is added near the middle, particles of gold are lost by
projection. Sulphide of iron is formed with great energy, and sulphide of

silver also, but the latter is not produced rapidly until nearly all the iron

has been already converted into sulphide. The gold is unaffected by the

sulphur and subsides to the bottom. It is not usually cast by pouring, but

allowed to solidify in the pot, a better separation between the gold and the

matte being thus effected. The pot is turned out as soon as solidification

has taken place, and the matte is broken off with a hammer, the gold being

remelted and cast into a bar. The small quantity of gold taken up by the

matte is separated by melting with metallic iron.

When retorted metal is infusible from the presence of large quantities

of iron free from carbon, it may be refined by melting with galena, according

to H. L. Sulman
;
^ with pyrite, according to T. C. Cloud

;
^ or with sulphur,

according to W. McDermott.^
5. The Use of Iron and Carbon.—Iron is used to remove arsenic, antimony,

sulphur, etc. The molten metal is stirred briskly with an iron rod for a few
minutes. Antimonides, arsenides or sulphides are formed and separate from
the metal.

Carbon is used to assist ii‘on to melt and to remove oxygen from bullion.

At the Philadelphia Mint it is found to be profitable to recover the gold

from the iron tools used in stirring, dipping, etc. Por this purpose they are

melted down in a graphite crucible with a little charcoal to make grey* iron,

and kept at a white heat for some time, after which the charge is allowed

to cool slowly. Under this treatment the gold and silver separate out (an

alloy containing three or fom^ parts of silver to one part of gold being better

for the purpose than.pme gold), and are found at the bottom of the crucible

sharply marked off from the smfface of the iron, which is now quite freed

from tbe precious metals.'^

The melting under charcoal is sometimes necessary to render silver bars

fit for coinage when they have been treated by nitre. When silver has been
raised to a high degree of fineness, it is affected by a peculiar bubbling due
to the evolution of oxygen previously absorbed from the nitre. In this case

it is necessary to stir continuously with a graphite rod, keeping the surface

covered with charcoal powder, until the bubbling ceases. If the metal,

while still effervescing, is poured into a mould, it sprouts at the surface,

and a shower of extremely minute particles are projected, often to some

1 Hoover’s Agricola, p. 462.
2 Ninth Report Gal. State Mineralogist^ 1889, p. 64.
® Sulman, Cloud, and McDermott, Trans. Inst. Mng. and Met, 1905, 14, 429, 431, 433.
^ Egleston, Metallurgy of Gold, Silver and Mercury, vbl. ii., p. 728.
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distance from tlie mouid, requiring to be swept up : if tbe crucible is covered
by a lid, very heavy efiervescence ensues when the lid is lifted. In this case
the silver ingots formed are not marketable, being brittle, of low density,

and covered by heavy efflorescences.

Casting the Ingots.—The operation of refining by one of the methods
described above is necessary before gold can be exactly valued. When base
metals other than copper are present, segregation occms and the solidified

metal is not uniform in composition. The result is that the exact value
of the bullion cannot be determined, and the buyer must make some allowance
to guard against loss. Accordingly bullion is usually, but not invariably,

toughened in extraction mills, and this is now generally not necessary in

refineries, before parting the silver from the gold. The object at a mill is

sometimes merely to melt down the bullion obtained, so as to bring it to a
marketable form with as little loss as possible. With this object in view,

no nitre is used, but the metal is kept covered by a layer of charcoal to

prevent the formation of oxides, and the crucible is poured as soon as the
charge has been fused and stirred.

When the removal of base metals has been successfully carried out the

refined gold shoidd be of a brilliant green colomr, and its surface should
remain quiet, without showing any iridescent films or other signs of continued
oxidation.

When the metal is supposed to be tough, a small sample may be dipped
out and made into a thin ingot, which, after it has been cooled in water,

is doubled up by hammering and its degree of toughness thus tested. It is

then often remelted with copper to make up the standard alloy of the country,

and again cast and hammered or cut in two with a shearing machine. The
reason for doing this is that impure gold, although it may be tough when
unalloyed -with copper, may make brittle standard bars.

It is necessary to stir the charge thoroughly before pouring, as the bar
must be as homogeneous as possible to insure a correct assay. Since segrega-

tion may occur on cooling, assay pieces are often dipped out immediately

after stirring. The subject of taking bullion assay pieces is further considered

in Chapter XX. The stirring is usually done with a peculiarly shaped graphite

rod, made expressly for the purpose. It is annealed carefully and raised to

a full red heat before being introduced into the crucible, and is held firmly

by a pair of tongs with special concave curved faces to its jaws, so as to fit

the round rod. In the case of very small meltings it is sufficient to lift the

crucible out of the furnace with the tongs and to give it a rotary motion just

previous to pouring. In doing this, the metal must not be allowed to cool

too much or the casting wiU be defective. It is advisable to close the damper
wholly or in part, so as to check the draught, when stirring is being done.

Meanwhile the ingot-mould in which the gold is to be cast has been pre-

pared. It is cleaned thoroughly inside by rubbing with emery paper and

oil, or with pumice stone, and wiping with an oily rag
;

or it may be black-

leaded inside, as this prevents contact between the gold and the iron of the

mould. It is then warmed by being placed on the top of the furnace
;

its

temperature must not be sufficiently high to ignite the oil, but it should

be too hot to touch with the hand. When the bullion is ready to pour, the

mould is placed on a level surface, such as an iron stool, at a height above

the floor of about 12 or 18 inches and a little oil mixed with graphite poured

into it. Any cheap non-volatile oil will do, whether animal or vegetable.

The crucible is then lifted from the furnace, usually with basket tongs,

28
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and when the temperatee of the metal has fallen to but little above its melting

point, it is poured rapidly but steadily into the mould. The crucible is then

held in the inverted position for a short time, and jarred once or twice to cause

the last portion of the metal to flow from it. The oil is ignited, and burns

on the top of the cast metal, thus keeping it from tarnishing. In small

castings, the slag is allowed to flow out and remain on the top of the metal

in the mould ;
in large castings, the slag is usually skimmed ofl before pouring.

Beads of metal are caught in a large iron tray with raised edges, in the centre

of which the mould is placed. If the mould is clean and has been hot enough,

and if enough oil has been used, a clean untarnished bar is produced. It is

turned out of the mould by inversion of the latter, while still too hot to be

handled, and the slag is separated by one or two light taps with a hammer.

The bar is then, in many establishments, momentarily dipped into water

to assist in the complete removal of the last fragments of the slag, and it

is also a favourite practice to dip the bar, first into dilute sulphuric acid,

and then into clean water, the bar retaining warmth enough after removal

to expel all moisture. This treatment removes all tarnish, and any
adherent particles of slag are then chipped off aiid assay pieces cut from

the bar.

In some refineries large crucibles are used, and 3,000 or 4,000 ozs. of

metal are refined at once. In this case, several ingot moulds are filled succes-

sively from one pot, usually by means of an iron ladle, the weight of the gold

bars manufactured being usually either 200 or 400 ozs. each. Silver bars,

on the other hand, are made much larger, usually weighing 1,000 or 1,200 ozs.

Mixed bars of bullion (containing both gold and silver) are seldom cast of

a greater weight than 600 ozs. in mills.

In conducting all these furnace operations the use of a thick pair of mittens

made of sacking or asbestos is to be recommended for the protection of the

hands. The feet are best protected by wooden clogs.

Losses of Bullion Incurred in Melting.—The losses sustained in melting

vary according to the composition of the metal. At the Eoyal Mint, the

loss in melting without refining standard gold is about 0*2 per 1,000, partly

recoverable from the “ sweep.” At the New York Assay Office they are

said to vary from 0*5 to 1*5 per 1,000. The losses may be divided into

mechanical loss, and loss by volatilisation. The mechanical loss is reduced
by care in the conduct of the operation

;
it may be due to a number of causes.

The crucible may break and its contents fall into the fire, or be scattered

over the floor of the melting house when on the point of being poured. To
avoid loss in this way, the ashpit may be constructed of a cast-iron tray,

which can be easily scraped out. The floor of the room is made of carefully-

laid flagstones, or, better still, of iron plates, in which there are no cracks
or crannies capable of hiding metal beads. Projection by spirting out of the
crucible may be occasioned, especially if certain impuiities, such as tellurium

or antimony, are present in the bullion. Eecovery of any metal lost in the
ashes is effected by panning.

The slags formed in the course of refining frequently contain some small
shots of metal, which may be recovered by grinding the slag finely and
washing down the product in a pan or on a vanner. At the San Francisco
Mint, the residue from the vannings is allowed to accumulate, and at intervals

dried and fused with borax in an old graphite crucible at a high temperature.
The crucible is left in the furnace over night to cool, and is then broken up,

and the shots of metal at the bottom picked out. They are chiefly silver,
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very little gold being thus recovered. Shots of metal can be recovered with
greater certainty from the slags by fusion with lead.

The crucibles, stirrers, lids, etc., also contain a certain quantity of gold
^and silver. After each melting they are scraped, and the scrapings panned,
•or, better still, calcined and fused with lead

;
but, in spite of this treatment,

precious metals accumulate in the pots, vrhich, when worn out, are ground
up in an Elspass or other Chilian mill and panned, in order to separate
the shots of metal. Sometimes mercury is fed into the grinding mill. The
tailing from this treatment will often pay for fusion with lead, and subse-

quent cupellation. Certain refineries treat large quantities of such residues,

with which may be included sweepings of the floor of the melting house.

Osmiridium in Gold Bars.—Gold sometimes contains osmium and iridium.

As these metals remain together during the treatment, the mixtm'e is

•commonly called osmiridium. If this is present in perceptible quantities,

^ fact which is not usually detected until after the bars have been parted,

the gold is remelted in a clean crucible and kept fused at a high temperatm'e

for about half an hour, when the osmiridium will settle to the bottom of the

crucible. This is due to the fact that osmiridium does not seem to form a

true alloy with gold, and, being of high density and very infusible, the par-

ticles, uaafused or partly fused, settle through the liquid gold. The crucible

is then gently lifted out of the furnace, and the greater portion carefully

but rapidly poured into a mould ; the remainder, which contains almost

nil the osmiridium, is allowed to cool in the crucible until it has solidified,

.and then assayed for osmiridium. An alternative plan is to allow the whole

charge to solidify in the crucible, and then to cut ofi the lowest portion,

which is set aside. The osmiridium settles better from an alloy chiefly con-

sisting of silver than from pure gold, and the rich bottoms are consequently

melted several times with silver, the lowest part being cut ofi each time.

The gold is thus gradually replaced by silver, which eventually forms by
iar the greater part of the mass. It is then granulated and parted, and the

resulting powder of gold and osmiridium is treated wdth aqua regia, by
which the gold is dissolved, and the osmiridium separated as a black powder.

Iridium is, however, not invariably separated from the gold bars in which

it is contained, and traces can be observed in some of the refined commercial

bars met with in London.

Parting.

Parting is the separation of silver from gold. During the com*se of the

operation the base metals are separated from both, but, as the presence ol

.a high percentage of these base metals is injurious to the successful conduct

•of the processes which are chiefly in use, a preliminary refining by one of the

methods already described is . usually necessary. Only about 10 per cent,

of base metals is permissible in the alloys when sulphuric acid is used, and

:Somewhat less in the electrolytic process.

The processes of parting may be tabulated as follows :

—

1. Cementation.

2. Melting with sulphide of antimony.

3. Melting with sulphur, and precipitation of the gold from the regulus

by silver, iron, or litharge.

4. Boiling in nitric acid.
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5. Boiling in sulphuiic acid, sometimes called “ refining.”

6. A combination of these last two methods.

7. The Giitzkow process (modified sulphuric acid process for the

treatment of dore silver).

8. Passing chlorine gas through the molten metal.

9- Electrolysis in silver nitrate solution.

10. Electrolysis in gold chloride solution.

11. Dissolving in aqua regia.

The first of these methods was known to the ancients, and the third

was described by Theophilus in the 11th century. The sulphuric acid,

chlorine gas and electrolytic processes are the only ones now in use.

1. Cementation.—In this ancient and obsolete process, gold was freed

from silver, copper, etc., contained in it. The method was described by
Agatharcides,^ b.c. 113, but was almost certainly in use at least as early

as B.c. 700;^ it is possibly still in use in some parts of the East..

It consists in heating thin leaves or granulations of argentiferous gold

embedded in a cement, consisting of two parts of brick-dust, or some-

similar material, and one of common salt, in pots of porous earthen-

ware. Several other cements have also been used. The temperature*

used is a cherry-red heat, which is insufficient to melt the gold alloy. After

about thirty-six hours’ treatment, the greater part of the silver is converted

into the state of chloride, and this, together with the cement, can be removed
from association with the granulations by washing with water. The gold

can in this way be raised to a fineness of 997 or 998. The silver is recovered

from the cement by amalgamation with mercury.^

2. Parting by Means of Sulphide of Antimony.—This process was also-

used to purify gold which contained only small quantities of silver. The
method was first described about the year 1500.^ The alloy was repeatedly

melted with sulphide of antimony, when the gold became alloyed with the-

antimony and sank to the bottom of the mass, while the silver was con-

verted into sulphide and floated on the top, mixed with the excess of antimony
sulphide added. The gold was subsequently refined by cupellation or by a.

blast of air directed upon it, the antimony being thus oxidised and volatil-

ised. The method is now obsolete, but was in use at the Dresden Mint up
to the year 1846, and gold of the fineness 993 was said to be produced in

this way.
3. Parting by Means of Sulphur.—This method was first described by

Theophilus, and was formerly used for the pmpose of concentrating the gold
contained in auriferous silver in order to obtain a richer alloy. The granu-
lated alloy was melted wdth sulphur and some of the silver was thus con-

verted into a matte. The gold was then separated from the matte by ham-
mering, or precipitated from the matte and collected in a smaller quantity
of silver by fusion with copper, iron, or litharge. The operation was repeated
as often as necessary. Usually only a part of the silver was removed in

this way, and the enriched alloy of gold and silver was parted with nitric

acid. The silver was recovered from the matte by fusion with iron. The*

^ Gowland, J. Roy. Anthrop. Inst., 1912, 42, 252.
^ T. K. Rose, Pres, Address, Bull. Inst Mng. and Met, April, 1915.
3 For a full account of this interesting- process, as well as of the next succeeding two-

methods, see Percy’s Metallurgy of Silver and Gold, pp. 350-402
;

also Hoover’s Agricola,

.

p. 458, Historical iNote.
^ Hoover’s Agricola, p. 458 ;

also p. 451.
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method was in use in several refineries in Emope at the beginning of the
last century. The employment of sulphur in refining at the United States
Mints has been already noticed, p. 432.

4. Parting in Nitric Acid.—The first mention of the use of nitric acid for

parting silver from gold was made by Geber or Albertus Magnus at a date
prior to the fourteenth century.^ It was probably not used on a large scale

until much later. In Venice, according to an old tradition, - some Germans
were employed in separating gold from Spanish silver in the fifteenth and
•sixteenth centuries, the art being kept secret. These refiners were not inaptly

named gold makers ” by those who were unacquainted with their methods.
The process was fully described by Biringuccio in his treatise,^ published
in 1540, and by Agricola ^ in 1556. It was first used in the Paris Mint about
the year 1514, and in London at least as early as 1594, but for a long period

the operations were conducted in secret in both countries, and it is supposed
that this method of refining was not fully practised in England until about
the middle of the eighteenth century. It was superseded by the sulphuric

acid process in London in 1829. It was used in the United States Mints

throughout a great part of the nineteenth century.

Parting by means of nitric acid is conducted on the large scale in the

same general manner as in the assaying of gold bullion. It consists of the

following operations :

—

1. Granulation of the alloys.

2. Dissolution of the silver in nitric acid.

3. Treatment of the gold residues, viz. :—Sweetening by washing with

water, drying, melting, and casting into bars.

4. Precipitation of the silver as chloride by salt solution.

5. Eeduction of the silver chloride by zinc and sulphuric acid.

Granulation of the Alloys .—The gold to be parted must be approximately

free from base metals, particularly from those which are not soluble in nitric

acid, such as tin, arsenic and antimony. If these were present they would
form insoluble oxides, w^hich w'ould remain with the gold, so that further

refining operations Avould be necessary : they would, moreover, cause a

great increase in the consumption of nitric acid, so, if they are present, the

gold is freed from them as far as possible by melting with nitre, etc. Copper,

lead and other metals w^hich are readily soluble in nitric acid are less ob-

noxious, and small percentages of these are allowmd to remain, the presence

of copper in particular being advantageous in promoting rapid dissolution

of the alloy. If present in large quantities, how^ever, even these metals

wmuld create difficulties and expense, increasing the consumption of acid.

The bars are melted together to form an alloy which, it was formerly

believed, must contain one part of gold to three parts of silver ® (hence the

term inquartation applied to this process). Generally, however, the

1 Hoover’s A r/rzcoZrt, p. 460.
2 Beckmann, Historii of hiventiom, vol. iv., p. 578.
2 Biringuccio, De Ui Pyrotechnia, Florence, 1540, Book iv., chaps, i.-v., pp. 64-71.

^ Agricola, De re Metallica, Hoover’s translation, pp. 443-447.
s A smaller proportion of silver, however, was nsed at least as early as the year 1627_in

Paris. Thus Savot observes in his Discours sur les Meddles Antiques^ Paris, 1627, chap, vii.,

p. 72 “ S’il n’y a beanconp plus d’argent qne d’or, lean n’agira ancunement : de sorte qn’il

faut qu’il y ayt an moins les deux tiers d’argent, et un autre tiers d’or, et encore que I’eau

soit tres-bonne : car, si elle est foible, elle n’operara point,” Savot did not seem to regard

this proportion of 1 to 2 as of recent introduction.
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proportion of silver used was less, the minimum being If parts of silver to*

one of gold. At the Philadelphia Mint, the proportion was to 1.^ Dore
bars containing small quantities of gold were, of course, preferred to bars

of fine silver for the purpose of alloying with the argentiferous gold bars.

After the ‘‘ inquarted ” alloy has been thoroughly mixed by being stirred

while still in the furnace, the metal is poured into copper tanks filled with,

cold water, w^hich is kept cool in some refineries by means of a stream of

water constantly flowing through the tank. The metal is poured with a

circular and wavy motion in a thin stream to prevent the formation of

lumps
;

leafy granules and small hollow spheres are thus formed. The*

pouring is done either from a crucible or from a ladle, the vessel being

filled from the large crucible by dipping, and held about 3 feet above the-

surface of the water. In the tank is a perforated copper pan, which is lifted

out when the poming is completed, and the granulations allowed to drain.

Dissolving the Granulations .—The granulated metal was heated with

nitric acid in cylindrical vessels of earthenware, porcelain, or platinum,,

covered by closely-fitting lids provided with delivery tubes to carry aw^ay

the fumes.

The strength of the acid used varied from that of specific gravity 1-41

to that of specific gravity 1*2. About 3 lbs. of acid (sp. gr. 1*2) were used

to dissolve each pound of granulations, but of this quantity the amount
used in the last boiling (about 20 per cent, of the whole) was available for

further use
;
more acid is required if there is much copper present. The

granulations were boiled in fresh acid three times in succession.

The reactions that occur are partially expressed by the following equa-

tions :

—

6Ag + 8HNO 3 = 6AgN03 + 2NO + 4H3O
3Cu + 8HNO3

= 3Cu(NO.>)2 4- 2NO -h 4H,0
4Zn + 10HNO3 = 4Zii(N03)2 N3O 5H;0

and similar reactions for other metals. The proportion of nitrons oxide, NgO,
evolved increases towards the end of the operation, as is shown by the
diminution in the amount of red fumes which result from the mixture of

nitric oxide, NO, with air. It is seen that silver decomposes less than its.

own weight of nitric acid, while copper and zinc destroy nearly three times
their weight of the acid. Nitric acid of specific gravity 1*2 contains about 32
per cent, of anhydrous HNO3,

so that the quantity of acid of this strength
theoretically required to dissolve I lb. of silver, copper and zinc is about
2*4 lbs., 8*3 lbs., and 7-6 lbs. respectively.

Treatment of the Gold Residue .—The pulverulent gold was “ sweetened
”

by being washed thoroughly in perforated earthenware dishes with boiling

distilled water, stirring with a spatula of wood, platinum or porcelain. The
gold was thus freed from nitric acid and nitrate of silver, the operation being
continued until the washings showed no signs of turbidity on the addition
of salt. The sweetened gold was pressed, dried, melted, and cast into bars.

The gold thus obtained was usually about 997 or 998 fine, the remainder
being chiefly silver.

Treatment of the Silver Solution .—The solution of nitrate of silver waa
diluted with water, allowed to cool, and then treated with a strong solution
of salt regulated so as not to be in large excess, continuous agitation being

^ Meport of the Directar of the U.8. Mint for 1902, j). 121.
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kept up by revolving wooden agitators driven by steam power, or by band
paddles. The precipitated chloride of silver was allowed to settle, washed
by decantation, and finally in wooden filters lined with linen or some similar

material. It was then reduced in lead- lined tanks by means of granulated
zinc and water acidulated with sulphuric acid. The reactions involved are
as follows :

—

(1) 2AgCl 4" Zn = ZnCl, + 2Ag.

(2) Zn 4- H,SO, = ZnSO* H..

(3) H, + 2Ag01 = 2Ag + 2HC1.

(4) 2HC1 Zn = ZnCl^ + Ha.

These reactions explain the fact that, while zinc slowly reduces silver chloride

in the presence of water only, the action is quickened by the addition of

free acid, by which the zinc is attacked and hydrogen evolved. Nascent
hydrogen is a powerful reducing agent, and decomposes silver chloride much
more rapidly than zinc does, hydrochloric acid being formed and rendered

available for the production of more hydrogen. The result of this is that

the action, which is at first slow, becomes more and more rapid as hydro-

chloric acid accumulates in the solution. The sulphuric acid is only needed
to start the reaction. At the San Francisco Mint 1 lb. of acid of B. was
added for every 2 lbs. of silver to be reduced. The white chloride of silver

gradually turns black-grey as the silver is reduced. Hydrogen is evolved,

especially towards the end of the operation.

The dark grey pulverulent silver, after being washed, pressed, dried,

and melted into bars, was usually about 998 fine.

5. Parting in Sulphuric Acid.—This process superseded the nitric acid

method, which is much more expensive, owing to the higher cost of the acid

used and of the plant required. The earliest reference to the use of

sulphuric acid in parting gold from silver w^as made by Schefier in 1753,

but the process was not used on the large scale until the year 1802,

when it was introduced into France by C. D’ALTcet, and worked in a refinery

built in Paris for the purpose. It was established in London at the Royal
Mint Refinery in 1829 by Mathison, and is still used there, the refinery

having been let on lease by the Government since 1852. It has also been

used in the United States for many years, but has now been superseded

in the mint refineries by the electrolytic process.

The method used varies considerably in difierent refineries, but essentially

consists of the following operations :

—

1. Mixing and granulating the alloys.

2. Dissolving the silver from the granulations by means of sulphuric acid.

3. Washing and melting the gold residue.

4. Precipitating the silver from its solution by means of copper.

5. Recovering the copper sulphate by crystallisation or precipitating the

copper by electrolysis.

The account given below is a general view of the operations in various

refineries, the modifications adopted not being desciibed in most cases.

Mixing and Granulating ,—The alloys must be carefully prepared so as

to be of suitable composition, as otherwise difficulties are encountered.

The most suitable proportion of gold in the alloy is said by Dr. Percy ^ to

be from 18 to 25 per cent., including whatever copper there may be present

;

1 Percy, Metallurgy of Silver and Gold, p. 471.
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but some American writers consider the proportion of one part of gold to

two and a half parts of silver to be the most desirable, whilst at a refinery

at San Erancisco the alloy consisted of two parts of gold to three parts of

silver. This proportion was instituted w-hen alloying silver was scarce in

California, but the gold thus separated was only 990 fine, containing ten

parts of silver, the maximum allowed by law in the gold coins of the United

States. If the ordinary proportion of 2| parts of silver to 1 of gold is used,

however, the gold can be obtained about 996 to 998 fine, and the fineness

of the gold can be increased to about 999 by fusing it, first with bisulphate

of potash and subsequently with nitre. Dore silver containing only a few

parts of gold per 1,000, when subjected in the form of bars to the action

of the acid, instead of being granulated, yielded gold at San Francisco of

996 fine, after one boiling only.

The amount of base metals present in the alloy is carefully regulated,

as their sulphates are little soluble in concentrated sulphuric acid, and con-

sequently are precipitated and interfere with the progress of the operation.

Bars of auriferous copper, such as those formed from wmrn-out amalgamated
plates, are added to the parting alloy, as a small amount of copper facilitates

the solution of the silver. The proportion of copper must not exceed about

.10 per cent., but the usual amount is much less. A small quantity of lead

is said to assist in the solution of copper, which is somewhat slowly attacked

by concentrated sulphuric acid, and a maximum amount of 5 per cent, of

lead does not interfere with the operation. From the economy with which
this system of parting can be practised, silver containing only 0*5 part of

gold per 1,000 can be separated from it at a profit. At the Vienna Mint,

bars are parted containing 0-9 part of gold per 1,000, and at Freiberg bars

containing only 0-4 part per 1,000 have been profitably treated.

In England, silver bars are passed through the parting operation, if they

contain at least 2 grains of gold per troy pound, or 0*35 part per 1,000, but

dore silver is not parted by itself. It is mixed with rich gold alloys.

The parting alloy is usually granulated (by pouring it into water, see above,

p. 438), but at a San Francisco Eefinery the dore silver is not granulated

but melted and cast into bars | inch thick, 9 inches wide, and 15 inches long.

Dissolution of the Silver .—This is usually effected in cast-iron kettles,

platinum having been abandoned on account of its high cost. The iron used is

fine-grained compact white iron, preferably containing 3 or 4 per cent, of phos-

phorus, which increases the durability, although 2 per cent, only of phosphorus
is considered enough by some refi.ners. The kettle is slowly dissolved by the

acid, ferrous sulphate being formed, and, in the course of about two years,

the thickness of the vessel is reduced from about 2 inches to from to I inch,

when it is discarded. The perfect exclusion of air from the interior increases

the length of life, and dilute acid must not be allowed to come in contact

with the iron, as the latter is freely dissolved by it. The vessels are rectangular

or cylindrical, with flat or hemispherical bottoms, the latter being preferred

in Europe and the former in America. They are covered with cast-iron lids,

about I inch in thickness, which are bolted tightly to the vessels, and have
bent leaden pipes fitted to them for carrying off the fumes, which consist

largely of SOg. This is sometimes reconverted into sulphuiic acid in leaden
chambers arranged for the purpose. The cover has also an opening (supplied

with a lid made air-tight by a water joint) through which the alloys and acids

are added and the operation watched. Heat is supplied by a wood or coal

fi.re (see Fig. 191), or in other ways.
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Tlie charge for the pots varies from 200 to 1,000 lbs. of alloy, and the

amount of acid required varies from 2 to 24 times the \Yeight of the alloy,

depending on the composition of the latter. About -one-half of the acid,

which is strong commercial acid of 66° B. (sp. gr. 1*85) is added at

first, and the temperature cautiously raised to boiling point, when the pot

Fig.
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is closely watched, and, if the ebullition becomes too violent, the temperature

is lowered by regulating the fire and by adding cold acid a little at a time.

The charge is stirred occasionally with an iron tool, particularly towards

the end of the operation, when the undissolved granules of metal must be
freed from the surrounding sediment, consisting of sulphates of the base

metals, and exposed to the action of the acid. The ebullition gradually

subsides and action ceases in about five or six hours, the presence of a greater

proportion of base metals increasing the length of time required. The re-

actions are as follows :

—

(1) 2H2SO4 + Ag, = AgsSO^ + KSO2 H- 2H2O

(2) 2H2SO4 + Cu = CUSO4 + >S02 + 2H2O

and similar reactions with tin and lead. The reactions with antimony^

bismuth, zinc and iron are more complicated. It is obvious that 63 parts,

of copper decompose as much sulphuric acid as 216 parts of silver. It is-

clear, therefore, that an increase in the percentage of copper present neces-

sitates an increase in the amount of sulphuric acid required.

One part of sulphate of silver is soluble in J part of boiling concentrated

sulphuric acid, but the solubility rapidly falls off as the temperature and
concentration diminish, so that 180 parts of cold acid of specific gravity

1-08 are required for the same purpose. Sulphate of copper dissolves slightly

in the boiling concentrated acid, but is almost all precipitated in the form of

the white anhydrous salt on cooling. Tin and zinc behave similarly, and
lead makes the solution turbid and milky. The iron would be attacked on
account of the increasing dilution of the acid during the process, owing

to the formation of water, but the latter is usually in great part boiled-

off as fast as it forms, or ta]<en up by the anhydrous sulphates.

When the dissolution is complete, the solution is siphoned into a large

lead-lined covered vessel containing hot water (the settling tank)
;

a gold

siphon may be used. As an alternative the solution may be ladled into*

a settling pot and a few pounds of cold acid of 55^ B. added, by which the acid

is cooled and diluted, and some crystals of silver sulphate are formed. These,

falling to the bottom, carry down with them the suspended fine particles

of gold, and so clarify the solution. If much copper is present, however,

this is not necessary, as the slight cooling of the acid is enough to precipitate

some sulphate of copper, which falls to the bottom and adlieres to it very

firmly, thus clarifying the liquid and enabling it to be poured off or ladled

out very closely. The clear silver solution is then siphoned off or ladled

out with iron ladles into lead-lined rectangular wooden vats already partly

filled with hot water, in which the precipitation is subsequently effected.

Washing and Melting the Gold Residiie.—The residue in the dissolving

pot, if the amount of base metals present is not large, is then boiled twice

more with fresh concentrated sulphuric acid added hot, after which the
gold residue is hard and heavy and rapidly subsides to the bottom, and
the liquors are siphoned into the precipitating vat. The gold is dipped out

with an iron-strainer and transferred to a lead-lined filter-box, where it is.

thoroughly washed, first with hot dilute sulphuric acid and subsequently

with boiling ’water, after w^hich it is pressed, dried and melted. It is some-
times brittle, from the occurrence in it of traces of lead, which is difficult

to separate by sulphuric acid owing to the insolubility and high density of

sulphate of lead.
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If the amount of base metals present is very large, the gold residues are
ladled into a vessel of hot dilute sulphuric acid and boiled with it by means
of steam. In this way, most of the sulphate of silver and the whole of the

copper, zinc, iron, etc., remaining with the gold are rapidly dissolved. Care
must be taken, however, to add the residues a little at a time, as otherwise

the anhydrous sulphate of copper will form lumps, which are only slowly

dissolved. The gold is then allowed to settle, and, after the solution has
been drawn off, is boiled again with acid if necessary, or if it is already pm-e-

enough it is at once washed, dried and melted.

Sometimes no attempt is made to obtain pure gold from amiferous silver

in one operation, but the gold is concentrated in a small quantity of silver

and then mixed with other alloys rich in gold and parted again. The product
of gold thus obtained is purified by heating in a furnace in small iron pots

with about half its weight of bisulphate of potash, by w^hich some additional

silver is converted into sulphate. The temperature is not raised much above
the fusion point of the salt. The fused mass is then boded in sulphuric acid„

and again washed, dried and melted. In the United States these methods,

were not used, auriferous silver being cast into slabs and parted merely

by boiling with sulphuric acid
;
fusion with bisulphate of potash was rarely

-resorted to, but at the United States Mints, the residues w^ere boiled with

fresh acid five times in succession.

Precifitation of the Silver.—On pouring the sulphuric acid solution into*

cold water, most of the silver sulphate is precipitated at once in the form
of small crystals, consisting of bisulphate, and the liquid must then be raised

to boiling, by means of steam, in order to redissolve them. When the original

alloys contain much lead this is not redissolved, and it is, therefore, neces-

sary to let the solution settle and transfer the clear liquid to another

vessel. Some particles of gold are usually found in the precipitate thus-

formed.

The reduction and precipitation of the silver are effected by means of

copper, which takes its place in solution. The copper is usually added in

the form of scrap while the liquid is being heated up by steam. The pre-

cipitation is assisted by constant stiiTing by means of wooden paddles. In

San Francisco, however, the copper was cast into slabs, which were suspended

side by side in the solution in a vertical position. The solution should be

of about 24° B,
;

if it is much more concentrated than this, the precipitation

of the silver is imperfect. The end of the reaction is detected by testing

with salt solution, and when complete the stirring is stopped, the solution

allowed to settle for two hours, and the nearly clear liquid tapped into lead-

lined vessels, where further settling of the suspended particles of silver takes-

place. The precipitate of silver is thoroughly washed vdth boiling -water-

in wooden filters lined with lead, until the reaction for copper can no longer

be obtained with ammonia. Care is taken that no fragments of metallic

copper remain wnth the silver. The metal is then pressed, dried and melted,

and is usually from 998 to 999 fine, even without fusion with nitre, in the

cases where suspended copper plates have been used for reduction.

Recovery of the Copper .—This has been effected until recently by alternate

evaporation and crystallisation of the copper sulphate in lead-lined wooden
tanks. The solution, which is still of 24° B., is run from the precipitating tank

into the evaporating pan and concentrated to 40° B. by heating with steam ;

thence it is transferred to the crystallising tanks, where it is allowed to cool

and remain for from ten to tw^elve days. The mother liquid of 36° B. is
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then run of and concentrated to 45° B., after \^'hich it is again allowed to

•crystallise, reconcentrated to 55° B., and a third crop of crystals obtained,

which contain much iron. The clear acid mother liquor can now be used to

•dilute the solution of sulphate of silver in the dissolving pot as already

-described. The excess of acid in surplus liquids is neutralised with oxide

of copper, more copper sulphate being thus formed.

The crystals of bluestone are found adhering to the sides and bottom
of the tanks. They are detached with copper chisels, redissolved in pure

water and recr}^staHised, the mother liquors being eventually added to the

first liquor from the precipitating vats. When the liquors become over-

charged with iron, the copper in them is precipitated by means of metallic

iron, and they are thrown away or evaporated to get the crystals of sulphate

of iron. The bluestone crystals are packed in barrels for the market. One
pound of metallic copper with 1*5 lbs. of sulphuric acid of 66° B. will make
4 lbs. of crystallised sulphate of copper.

Owing to the diniculty of selling sulphate of copper, and the large amount
of space and time required in obtaining it, it is now considered to be more
profitable to precipitate the copper as metal by electrolysis and to concentrate

the acid when freed from copper. Both copper and acid can thus be used over

again.

Examples of Practice .—In 1902, 984,601 ozs. of standard gold, corre-

sponding to 886,141 ozs. of fine gold, were refined by the process at the San
Francisco Mint, at a cost of $57,214, or 6*5 cents per oz. of fine gold, exclusive

of superintendence. (This w^as reduced to 5*1 cents in 1906-7.) The receipts

from surplus bullion w^ere $24,949. The amount of sulphuric acid consumed
was 1*12 lbs. per standard oz. of gold

;
^ this was reduced to 0*78 lb. in 1906-7.

The process was discarded at the San Francisco Mint in 1908 and at the

New York Assay Office in 1911 in favour of the electrolytic process.

The sulphuric acid parting process was used at the National plant of the

American Smelting and Refining Company, at South Chicago, Illinois, in

1906.^ At this works lead bullion is desilverised by zinc, the zinc scum is

distilled in Faber du Faur tilting furnaces, and the residues cupelled in

furnaces of the English type. The dore silver left on the test is cast into

thick bars of 1,100 ozs. by tilting the test. The bars are parted direct by
means of sulplimic acid of 60° B. (sp. gr. 1*71), in tanks of grey cast iron.

The acid of 40° B. condensed from the vapours is concentrated in leaden

pans. In a large settling tanl^, slightly warmed, a little gold deposits from
the acid solution of sulphates. The solution is then transferred to the large

precipitating tanli, diluted with water and heated with steam. The silver

is precipitated by copper plates (125 plates, each 18 x 8 inches and 1 inch

thick), suspended in the solution from iron hooks covered with hard lead.

After precipitation the vitriol solution is siphoned of! and the silver washed
in a vat provided with a false bottom, removed with a wooden shovel and
pressed into cakes 10 inches x 10 inches x 6 inches.

The refining of the silver is finished on a cupel hearth, saltpetre being

added and the slag removed by means of powdered brick. The silver is then
kept fused for twenty minutes under a layer of charcoal, and is cast into

iron moulds, previously blackened with a petroleum flame. The silver bars

weigh 1,100 ozs. and are 999 fine.

^ Report of the Director of the U.S. 3Iint, 1902, pp. 91, 92.
® 0. Piifahl, Eng. and Mny. J., April 14, 1906, i>. 718.
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The gold is boiled with several fresh portions of acid, and is then w'ashed,.

dried and melted with a little soda in a graphite crucible. It is 995 fine,

' The vitriol lye is evaporated down and bhiestone obtained by crystallisa-

tion.

6. Combined Process.—At the Philadelphia Mint a combined process
was formerly used, nitric acid and sulphuric acid being employed in succes-

sion. The alloys were granulated and digested with concentrated nitric

acid for six hours in the same manner as has already been described; the-

solution was then siphoned off, and the gold washed two or three times,

with distilled water, by decantation, subjected to a second boiling with strong

nitric acid, and subsequently sweetened in lead-lined filters with boiling

water. The gold was then introduced into cast-iron cylindrical kettles and.

boiled for five hours with strong sulphuric acid, the gold being stirred up
with an iron rod every ten or fifteen minutes to prevent agglomeration, and
the solution was then ladled out and treated as already described, p. 442.

For a charge of 190 lbs. of metal, 175 lbs. of nitric acid were used in the first-

boiling, and 50 lbs. in the second. Some nitre was added to the sulphuric-

acid.

The process was introduced in 1866 by A. Mason ^ as an improvement-

on the nitric acid process, but was more expensive than parting with
sulphuric acid alone.

The gold was washed thoroughly and sweetened in wooden filters, boiling

distilled water being poured through it until the washings would no longer*

redden blue litmus paper. The gold was then pressed, dried, melted and.

cast into bars, which were from 998 to 999 fine. The silver was precipitated.

from the washings as chloride by the addition of salt.

The process was much cheaper than the nitric acid process, costing 20 per-

cent. less for acids, and saving some fuel. The granulations contained 100

parts of gold in 333 of the alloy. After the boiling in nitric acid very little-

silver was left with the gold.

In the year ended SOth June, 1902, 608,185 standard ozs. of gold, equi-

valent to 547,367 ozs. fine, were refined by the process at Philadelphia, at

a cost of $43,992, or 8 cents per oz. of fine gold, exclusive of superintendence-

and loss of gold. Operations in the acid refining plant at Philadelphia

were finally discontinued in February, 1905, and the electrolytic process-

used instead.^

7, The Gutzkow Process for the Treatment of Dore Silver.—^This process

of parting by sulphuric acid was invented and patented by F. Gutzkow in.

1867, and has been extensively worked in Germany and in San Francisco.

It is fully described in Percy’s Metallurgy of Silver and Gold, p. 479, and only

a brief account will be given here. When the patent had expired, Gutzkow
introduced and patented several improvements on it, which were used for-

some time at the Consolidated Kansas City Smelting and Refining Company’s-

Works at Argentine, Kansas, in 1892, but subsequently abandoned, at least,

in part.

The original Gutzkow process, as employed at the San Francisco Assaying

and Refining Works for many years, may be summarised as follows :

—

The bullion treated was mainly dore silver, consisting of (1) Comstock silver-

bars or dore bars, usually containing 20 to 100 parts of gold per 1,000

1 Production of the Preciotis Metals in the United States, 1885, p. 278.

* Per>ort of the Director of the US, Mint, 1904-1905, pp. 60, 86 and 1.54.
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i(2) base bars from the Reese River district and from pan-amalgamation of

tailing, containing from 100 to 800 parts of silver, and the remainder chiefly

^copper, with sometimes a little gold. The metal was cast into bars, and
parted in that form. The dore bars, when prepared for solution in the acid,

weigh about 100 lbs. each, and are 12 inches long, 6 inches broad, and

5 inches thick. The base ingots are melted with fine bars to reduce the

.average copper contents to 12 per cent., and are cast into bars 1 inch

thick, the gold from which is only about 992 fine.

The boiling is done in flat-bottomed thin cast-iron kettles (A, Fig. 192),

.of which the bottom is only f inch thick when new, and ^ inch when worn
•out. The solution can be rapidly heated, owing to the thinness of the iron

kettles, and 200 lbs. of alloy are dissolved in four hours by means of 300 lbs.

of sulphuric acid, which comes from the tank, C, and is forced into the kettle

through the pipe, /, by the plunger, d. The solution is then siphoned oi!

through the pipe, m, into the tank, E, and diluted with a large quantity of

hot mother liquor from a previous crystallisation, which is mainly sulphuric

.acid of about 58° B.
;
some water is also added, and the solution partially

cooled, so that some crystals of silver sulphate are enabled to separate out

.and carry down with them the milky precipitate of lead sulphate and any
•suspended particles of gold

;
green basic sulphate of iron also settles firmly.

The clear solution is then siphoned off into H and cooled to 80° F., and almost

.all the silver sulphate thus crystallised out. If the acid is concentrated,

white soft crystals of bisulphate are formed, w^hich is not desired
;

if, however,

4he acid is only at about 58° B., large hard yellow crystals of monosulphate,

free from acid but contaminated with copper, are deposited. The mother
liquor is pumped back into the tank, E, or to the original acid tank, the

device employed for this purpose being to exhaust them of air, so that the

.acid is sucked up without passing through any valves, which would soon

wear out. The crystals of sulphate of silver are transferred to the filtering box,

I, with iron shovels, and a hot solution of green vitriol (or ferrous sulphate)

»of 25° B. run on to them from 6. This is at first mainly occupied in dissolving

the sulphate of copper, and the first portion of the solution, after passing

through the filtering box, is run into a storing vat, where the silver, inci-

dentally dissolved, is precipitated by copper, and the latter subsequently

recovered by means of iron. After a time, the copper being dissolved, the

rsilver begins to be reduced, the green solution of iron turning coffee-brown
;

the reaction is as follows :

—

2FeS04 + AgaSO^ = FeaOg.SSOs -f 2Ag.

'The reduction may also be effected by sheets of metallic iron, which is first

‘Converted into ferrous sulphate and then into ferric sulphate, the silver being

simultaneously reduced to the metallic state. The brown solution of ferric

sulphate is boiled with metallic iron in K, in order to regenerate the ferrous

salt. The silver is washed, pressed, dried, and melted. The gold from the

-‘Original dissolving kettle is also washed in a filter, pressed, dried, and melted.

Such was the original Gutzkovr process as employed in treating dore
bars. Its chief advantage over the ordinary sulphuric acid process was the

:saving of acid. In 1867, in the ordinary process, none of the acid used was
.saved, so that it was reduced in amount as much as possible, but did not fall

below twice the weight of the silver dissolved. This reduction in the amount
»of acid used made the finishing of the dissolving a difficult and delicate opera-

tion. In the Gutzkow process, however, only the acid decomposed by the
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silver is lost ; tlie weight of this is about equal to that of the metal, the rest

of the acid being all recovered and used over again in the boiling. More-
over, the long and tedious crystallisation of copper sulphate is avoided.

and the space required for the crystallising vats saved. However, several

large lead-lined vessels are required for the storage of the various solutions.

1 Fig. 192 is reproduced by permission of Mr. John Murray from Dr. Percy’s Metallurgy

of Silver and Gold.
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As mentioned above, p. 444:, the production of sulphate of copper has been

discarded in favour of the precipitation of copper by electrolysis, in the

ordinary sulphuric acid process. The acid is also carefully recovered, so*

that the loss is probably less than in the Gutzkow process.

The New Outzkoiv Process?—If a large amount of acid is used for the

boiling, not only is the silver more completely dissolved and the operation

greatly expedited, but the presence of a high percentage of copper does not

hinder the parting, as it is kept in solution by the excess of free acid. Thus,

for ordinary dore silver, Gutzkow proposed to use four parts of acid to one

of bullion
;

for bars containing 20 per cent, of copper six parts of acid ^

for still baser bullion, more acid, and so on, never losing more than one part

of acid for one of bullion, and recovering the remainder.

The charge for a pot 4 feet in diameter and 3 feet in depth is 400 lbs.

of dore silver
;
the pot is fiat-bottomed, with a basin-shaped pocket or well

in the centre which is useful for the collection of the gold. The bullion is

first attacked by fresh acid of 66° B., run in by gravity from a large tank,

and, when most of the silver has been dissolved, mother liquor from a former

operation is . added, a pitcher-full at a time, until the charge is completely

dissolved, which takes from four to six hours. The fire is then moderated

and the pot filled with mother liquor to within 1 or 2 inches of the top, when
the temperature of the acid will have been so far reduced that only faint

fumes are discernible. If no fumes are visible the acid is too cold and some
silver sulphate will be precipitated, but otherwise the large excess of acid

will keep it in solution. The well-stirred charge is now allowed to settle,

which is perfectly accomplished in ten minutes, as the yellowish slowly-

subsiding persulphate of iron is transformed to a greenish flocculent com-
pound by the water in the mother liquor, and this settles quickly and carries

all suspended matter to the bottom. More iron is dissolved from the kettle

than in the ordinary process, owing to the greater dilution of the acid used

in boiling.

The solution is now siphoned from the kettle by means of a |-inch gas

pipe into a large cast-iron vessel, only about 1 foot deep, standing in a larger

vessel which can be filled with water for cooling the charge. Steam is Iilown

into the still hot acid solution through a lead nozzle, inch in diameter,

pointing vertically downwards. This both dilutes and warms the solution,

the heating being necessary in order to prevent crystallisation of the silver

consequent on the dilution. As soon as the dilution has proceeded sufficiently

far to ensure the crystallisation of the hard yellow monosulphate instead

of the soft white bisulphate of silver, a point which is found by dipping

out small quantities at intervals, and observing their behaviour on cooling,

the steam is shut off and the vat cooled with water and left all night. The
silver crystals form a coating of about 1 inch thick, which is contaminated
with copper sulphate if the mother liquor, by repeated use, has become
saturated with it. The mother liquor is novr pumped back into the acid

storage tank by the creation of a vacuum, and the crystals of sulphate of

silver are detached with an iron shovel and thrown into a filtering-box pro-

vided with a false bottom. Cold distilled water is sprinkled on the charge,

and is allowed to filter through it and flow back into the crystallising vat,

until the greater part of the free acid has been removed. The steam is then

^ This is fully described by Gutzkow in the Eng» and Mng. Feb. 28, 1891, p. 257,
and May 7, 1892, p. 497, from which this account is summarised.
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deflected into a ‘‘ silver filter ” wKere any silver is precipitated that may
have been dissolved at the same time as the sulphates of iron and copper.

The silver filter is a lead-lined box, partly filled with precipitated copper
and provided with a false bottom. The silver separates on the top of the

copper as a spongy sheet, a corresponding amount of copper being dissolved.

When the crystals of silver sulphate in the first-named filtering box have been
completely freed from acid, and from copper and iron sulphates, the stream
of water is discontinued. The spongy sheet of silver is then removed from
the “ silver filter

’’ box and treated with hot water and a few crystals of

silver sulphate to dissolve the copper still retained by the sheet. During
this w^hole operation of sweetening the crystals of silver sulphate, only about

3 per cent, of it is dissolved, as it is little soluble in cold water. The copper
solution, after passing through the “ silver filter,” is either run to waste
or precipitated by scrap iron in w’ooden tanks at a nearly boiling temperature.

The crystals are now dried in an iron pan which is placed above a furnace,

and, after being mixed with about 5 per cent, of charcoal, they are at once
charged into a hot crucible in a melting furnace. The silver sulphate is

reduced at a low red heat to metallic silver, carbonic and sulphurous acid

gases being evolved. By the time the temperature of melting silver is reached,

these gases will have all passed away. The silver is toughened by adding
nitre and borax until the so-called '' boiling ” indicates that the sulphur has
all been eliminated, and the metal is then cast into bars.

The gold residue in the dissolving kettle contains undissolved sulphates

of lead, iron, antimony, mercury, and often some copper and silver. It is

ladled out and boiled with W'ater to dissolve out the sulphates of silver, copper,

iron, etc., and, after thorough filtering, it is stirred in a dish with hot water
and decanted on to a filter-cloth until the insoluble sulphates of lead, etc.,

have all been washed ofi, and the gold is left bright and clean. The
gold is stored until enough is collected to make a 200-oz. bar, which is

usually brittle. The material collected on the filter-cloth is re-washed once

or twice to recover the particles of gold from it, and can then be reduced

with charcoal and cupelled. If lead is present in the original alloy, part

remains with the gold, and is dealt with in the manner which has been aheady
described, but the greater part is carried ofit with the silver solution, and is

deposited both \vhile the steam is being passed in, and also subsequently

during crystallisation of the sulphate of silver, which is coated with it. The
sulphate of lead is removed from the crystals by stirring them well in a

stream of cold water, by which the insoluble particles of lead and antimony
sulphate are carried away

;
it can then be collected, reduced and cupelled.

Any silver that may be dissolved in the course of this washing is precipitated

by copper as before.

The process is seen to differ from the original one in three essential par-

ticulars :—1. The solution is diluted with steam instead of with mother
liquor, the amount of liquid in use, and consequently the number of lead-

lined vats required being thus reduced. 2. The weak silver solution is pre-

cipitated at once, instead of being stored in tanks to be used again or to be
precipitated at leisure. 3. The silver sulphate is reduced directly with

charcoal in a crucible in the furnace. One of the minor advantages of the

process is said to be that no stirring is required during the boiling, owing

to the large amount of acid used. This saves labour and enables the acid

fumes to be more easily condensed, as they are not mixed with air, which

in the ordinary way would enter through the aperture left for stirring. The
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exclusion of air also helps to prolong the life of the iron kettles by checking

the attack on them by sulphuric acid.

Titus Ulke, however, announced ^ that the method of reducing sulphate

of silver by heating it with charcoal, was tried by the Consolidated Kansas

City Smelting and Refining Company, and abandoned, owing to the great

volume of objectionable gases evolved, probably accompanied by heavy

losses of silver. Gutzkow's original method of reducing sulphate of silver

with a solution of ferrous sulphate was at that time used at the company’s

works at Argentine, and 36,000 ozs. of dore silver (containing on an average

4 per -cent, of gold and 95 per cent, of silver) were parted daily at a mean

cost (in 1895) of 0-22 cent per oz., not including cost of superintendence

and office expenses.^ The cost in 1892 at this works had been 0*35 cent

per oz. These costs corresponded to 5*5 cents and 8*75 cents per oz of

refined gold produced. The wages were from $2 to $2|- per day, and

sulphuric acid cost one cent per pound.

8. Miller’s Chlorine Process.—The use of chlorine gas for the purification

of molten gold was first proposed by L. Thompson in 1838, and the results

of his investigations were published in the Journal of the Society of Arts ®

two years later. He stated that “ it has long been known to chemists, that

not only has gold no affinity for chlorine at red heat, but that it actually

parts with it at that temperature, although previously combined. . . .

This, however, is not the case with those metals with which gold is

usually alloyed. It offers, therefore, at once an easy and certain means

of separation.”

In 1867, F. B. Miller,^ the Assayer of the Sydney Mint, applied this

property of chlorine to the separation of gold from silver on the laa’ge

scale, and the process has been in use at Sydney ever since, being

particularly suitable for the purpose under the local conditions. Among
these conditions may be mentioned the facts that acid is very costly, and

that there is a scarcity of silver bullion containing small quantities of gold.

The result is that the sulphuric acid parting process would prove very

expensive, but the chlorine process can be applied cheaply, as it requires

very little acid, and is efficacious in removing small quantities of silver

from gold bullion which has not been made up into alloys of definite

composition. Before the introduction of the chlorine process no attempt

was made to extract the silver from any of the native gold of Australia and

New Zealand which was coined at the Sydney Mint. Sovereigns were manu-
factured containing several per cent, of silver, which replaced part of the

copper used as the alloying metal. These sovereigns, some of which are

still in existence, can be easily recognised by their pale tint, due to the presence

of silver. Such sovereigns have not been manufactured since 1872. Besides

separating the silver, the chlorine process removes the small quantities of

lead, antimony, etc., which render most of the Australian retorted gold

brittle, and so in one operation prepares the gold for coinage. Almost the

whole of the gold produced in Australia is now deposited in the mints of

Sydney, Melbomne, and Perth. All iim-efined bullion received at the mints

^ TJIke, Mineral Industry, 1895, p. 348.
^ XTlkc p 350

•® Thompson,’/. Sog. Arts, 1840-1, [i.], 53, 16 ;
Percy, 6'ilver and Gold, p. 402.

^ Miller, /, Chem, Sog., 1868, 21 , 506; and Trans. Roy. iSoc. of New South Wales, Dec.
1869.
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is treated by this process, \Yhatever its composition may be. The average

composition of the bullion received in 1913 was as follows :
—

^

Gold. Silver. Base

Sydney, 874-5 86 39-5

Melbourne, 914-2 43-4 42-4

Perth, 823-8 115-6 60-6

In chlorine refining the furnace used is an ordinary melting fui*nace,

such as has been already described. The tile cover of the fuimace has a hole

in the centre to allow the chlorine tubes to pass through. Clay crucibles

are used, the 4-pint ske being generally employed, holding about 600 or

700 ozs. of gold
;

they are placed inside graphite pots to prevent loss by
cracking. They are glazed inside by melting borax in them to prevent them
from absorbing molten chloride of silver. Graphite crucibles are unsuitable,

as silver chloride appears to be reduced, presumably by the hydi‘Ogen con-

tained in them, as fast as it is formed. The crucibles are covered by loosely

fitting hds, through which the clay pipe-stems of about -^l-inch bore are

passed to the bottom of the crucible for the conveyance of chlorine. The
pipe-stem is made red-hot before being introduced into the molten metal,

as otherwise it would crack and break ofi.

The chlorine gas is conveyed in leaden pipes from the generator to the

furnaces. All joints and connections consist of well-whed india-rubber

tubes, which must be protected from direct radiation from the furnace. Screw

compression clamps on these rubber tubes enable the supply of chlorine to

be regulated with precision. When the clamps are closed the gas accumulates

and forces the acid out of the generator thcough a safety tube into a vessel

placed overhead, and so the further generation of gas is prevented.

The generators being in readiness, the crucibles are slowly heated to

redness, and the full charge of 600 or 700 ozs. of bullion introduced and
melted, 2 or 3 ozs. of borax being sprinkled on its surface or poured on in a

molten state. The chlorine is now allowed to pass slowly through the clay

pipe to prevent metal from entering it, and the pipe is plunged to the bottom

of the molten metal and kept there by means of a weight attached to it.

The full stream of chlorine is now turned on and is heard to be bubbling

into the molten metal, by which it is completely absorbed, so that no splashing

and projection of the metal occurs. A height of 16 to 18 inches in the safety

tube corresponds to and balances a height of 1 inch of gold in the refining

crucible. The safety tube acts as an index of the pressure in the generator

and of the rate of production of the gas
;
any leakage or the exhaustion of

the acid is at once indicated by a fall of the liquid in the tube. Fresh acid

is added at intervals as it is required.

When the chlorine is introduced, dense fumes at once arise from the

surface of the metal owing to the formation of volatile chlorides of the base

metals, which are the first to be attacked
;
lead gives especially dense fumes,

which can be condensed on a cold object held in them. After a time these

fumes cease and silver chloride is formed, very little chlorine escaping from

the crucible, even if an extremely rapid current is passed into it
;
consequently

the operation is expedited by every increase in the volume of the current.

Towards the end of the operation splashing is more noticeable, and dark

1 Forty-fourth Annual Bejport of the Royal Min% 1913 ,
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brownish-yellow fumes appear, consisting chiefly of free chlorine. The com-

pletion of the refining, however, is indicated by a reddish or brownish-yellow

stain containing metallic gold, which is imparted to a piece of white tobacco-

pipe when exposed to the action of the fumes for a moment. This stain

appears in about one hour and a-half from the start, when 600 ozs. of gold,

containing 10 per cent, of silver, are being subjected to treatment. The
current of gas is then at once stopped, and the crucible lifted out of the

furnace and allowed to cool sufficiently for the gold to solidify. Probably,

if the operation w^ere continued after the appearance of the brown stain,

appreciable losses of gold by volatilisation would occur.

The chloride of silver, still molten, and floating on the top of the gold,

is then poured off into iron moulds, and the crucible inverted on an iron

table, when the red-hot cone of gold falls out. This is now fine, and after any

adherent chloride of silver has been detached from it by scraping, it simply

requhes melting into ingots, 98 per cent, of the gold being thus at once

rendered available for use. The remainder of the gold is contained in the

chloride of silver, partly in the form of entangled shots of metal, but chiefly

as a double chloride of silver and gold.

The gold is removed from, this by means of sodium carbonate, as follows :—

^

“ The argentic chloride is covered by a layer of fused borax, about I inch

thick, and when all is well fused, the powdered soda is sprinkled on the top

of the borax, without stirring, as rapidly as the ensuing action will admit.

Occasionally the top layer is dipped with a stirrer slightly underneath the

molten argentic chloride, without stirring the latter. When all the necessary

soda is added and the action is nearly over, the pot is covered with a lid,

and left for about ten to twenty minutes to increased heat, and, when the

contents are quite liquid, the pot is lifted out of the fire without previous

stirring, and allowed to cool, so as to enable the argentic chloride to be

poured ofl from the gold button at the bottom of the pot.

‘'The use of 18 ozs. of soda for 230 ozs. of chloride produces a gold

button weighing between 30 and 35 ozs., assaying about 920 to 930, and
leaves from 0*5 to 1*0 part of gold in 1,000 parts of silver bullion produced.

“ To free the argentic chloride from gold, a second treatment with 3 ozs.

of soda per pot of 200 ozs. chloride, containing but a minute quantity of gold,

will alv'ays be found to answer, the only care required being gradual appli-

cation of the soda and enough heat at the end of the operation.”

The time required for the two operations is about half an hour.
“ The presence of a large proportion of chloride of copper has been found

to prolong the operation considerably on account of oxide of copper being

formed on addition of soda, as a much greater heat is required in order to

fuse the whole mass. The argentic chloride produced from base gold alloys

would contain a large proportion of chloride of copper, etc., and it would
be better, therefore, to reduce it direct, and dissolve the reduced metals

in acid, to separate gold and silver therefrom.”

At the Sydney Mint, according to J. M‘Cutcheon, the chloride of silver

baled out of the pot is treated with soda (|- lb. to 350 ozs.), as above, but the

portion poured off the gold is partly reduced by granulated zinc, of which
7 ozs. are thrown on the surface of 350 ozs. of molten chloride. This should

be equivalent to about 18 ozs. of bicarbonate of soda.

The silver chloride was at first cast into slabs and reduced by zinc plates,

^ Fourth Annual Report of the Eoyal Mint, 1873. lieport by A. Leibius, p. (>3.
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the chloride slabs and zinc being suspended side by side in acidulated water,

and connected above by strips of silverA The reduction depends on electro-

lytic action, hydrogen being generated on the slabs of silver chloride and
reducing the silver and copper together. When all action has ceased, the

slabs of cupreous silver are lifted out and boiled, first in acidulated water
and then in pure water before being melted. As no acid is used the amount
of zinc consumed is the theoretical quantity required by the equations

—

2AgCl Zn = ZnCl2 2Ag
C 11CI2 Zn = ZnCh Cu.

At the Melbourne Mint in the year 1889, the zinc plates employed as

Fig. 193.—Section of Furnace for Chlorine Refining Process.

described above were replaced by sheets of iron,^ which are now in general

use.

The Chlorine Process as noiv 'practised at Melbourne .—The following

description has been kindly supplied by Francis R. Power, the Assayer

at the Royal Mint, Melbourne, by permission of the Deputy Master. It

gives the exact methods and apparatus in use in the early part of 1896, and

has been amended so as to include all changes introduced subsequently.

Furnaces .—These are thirteen in number. They are built cjdindrically

(see Fig. 193, in which one of these furnaces is shown in section, with crucible

1 A. Leibius, Trans. Roy. Soc., JSfew South Wales, Dec. 1869. The paper is given almost

at full length in Percy, Metallurgy ofSilver and Gold, p. 418.
2 Twentieth Annual Report of the Royal Mint, 1889, p. 126.
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and pipe-stem in position), being naore compact in this form, more easily

cleaned from clinker, and more economical in fuel than the square ones.

They are 12 inches in diameter and 21 inches deep. The five fire-bars,

inches square and 18 inches long, are set in a cast-iron box, D, 12 inches

by 2 inches, which passes through the brickwork in front of the furnace,

the other ends of the fire-bars resting on an iron bar set in the brickwork

at the back of the furnace. The bars are 6 inches above the floor. The
draught is obtained through a grating in the floor, which covers a portion

of the ashpit, over which there slides a cast-iron plate, M, J inch thick, for

regulating the admission of air, and pivotted in one corner. The flue, L, is

6 inches square, and communicates with a series of five condensing chambers,

8 feet by 8 feet by 5 feet, running the length of the furnaces (42 feet), all com-
municating and leading to the stack, 80 feet high, common to refining and
melting furnaces, which are twentj-one in all. There are three furnace

covers, two of them 20 inches by 6-i- inches, the third a little smaller, and all

are bound with iron. The middle one is perforated by a 1-inch hole, through

which the chlorine delivery pipe passes. Glenboig arched firebricks, B,

9 inches by inches, and tapering from 2f inches to 2 inches, are used for

lining the furnaces, and are set with touching joints in an iron cylinder, A,

214 inches in diameter, and at least J to f of an inch thick, which is supported

by a cast-iron plate, 0, f of an inch thick, and 22 inches in diameter, with

a 12-inch hole in the centre. This plate is supported by the brickwork which
forms the foundation. The ashpit is a cast-iron flanged box, easily cleaned

in case of an accident. Round the iron cylinder, concrete, N, is rammed, the

front iron plate of the furnace being shifted 2 or 3 inches in, until this

is set and then moved out, thus providing an air space, E, which keeps the

plates cooler. The furnace top is a plate of cast iron and, in order to facilitate

repairs, should be in two pieces for each furnace, halved into one another,

the hole being slightly bossed at the edge so that the fire-tiles may run easily

on them. One piece has a hole 6 inches in diameter over which the swing

ventilating hood, P, is placed by which the pof is covered when removed
from the fire. This hood communicates by a passage through the brickwork
with the flue. The cylindrical furnace is calculated to last for three years,

the square ones lasting only eighteen months and taking three hours to

re-line, w’hile the cylindrical ones take one hour. On the other hand, the

curved bricks are more expensive than flat ones.

The Crucibles, etc .—The guard pot placed for safety under the white
pot and afterwards used for remelting the refined gold, is a plumbago crucible

8|- inches high, 6 inches inside diameter, f of an inch thick at the top, and

I of an inch at the bottom, which is flat inside and stands on a cylindrical

firebrick 5 inches in diameter and 24 inches deep. The clay pots, fitting

loosely into the guards, are 10| inches high, 5 inches in diameter, and f of

an inch thick at the top, tapering from 1 inch at the bottom. They are

covered by a closely fitting lid, dished at the top to catch any globules spirted

out by too rapid a current of gas, and perforated by two holes | of an inch
in diameter. A new pattern of lid has been introduced which has a notch
in the edge for the pipe-stem to pass through, the advantage of this being
the easy removal of the lid without wfithdrawing the pipe-stem, as is necessary
wdth the old lids.

The pipe-stem is 24 inches long, tapering from f-inch thick at the
|-inch at the end inserted into the gold, and is wedge-shaped

to facilitate the escape of the chlorine when resting on the bottom of
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the pot. The bore of the pipe-stem is |“mch in diameter. The thin

end of the pipe-stem is attached to the branch delivery pipe by a piece

of -|-inch rubber about 2| inches long, which connects with an ebonite

Junction, G, 3 inches in length, . v/ith a bore of turned with

a ring round the middle, which acts as a rest for the 8-oz. weight,

H, used as a sinker for the pipe-stem. One end of the ebonite junction

is J-inch in diameter, the other |-inch ; the latter being connected^ by

a stout rubber tube 3 or 4 inches long to a 14-inch lead pipe (|-inch

in diameter) which is attached (by a rubber junction) to a glass stop-

cock, I, from the spigot of which a |-lb. lead weight, J, is suspended to

prevent the pressure of gas from blowing it out. The glass stopcocks have

replaced the compressor clamps, which were not satisfactory owing to the

rubber cutting through, and chlorine leaking past. The rubber joints are

sufficiently flexible to allow the pipe-stem to bend down into the pot or

Fig. 194.—Furnaces for Chlorine Process, Melbourne Mint.

to be laid horizontally on a rest when not in use. Each furnace is provided

with one glass stopcock to control the flow of gas. The cock is far enough

away at the back of the furnace, to be unaffected by the heat when the

fire-tiles are removed, and is connected by a |'-inch lead pipe with the main

pipe running along the wall Thiimer pipe-stems are found to be as service-

able as the above and do not require such careful annealing. The tubes,

stopcock, etc., are somewffiat diagrammatic in Eig. 193, and can be studied

in Fig. 194, which is from a photograph of the furnaces by E. Law. This

also shows the crucibles, guard pots, ventilating hoods and chloride cakes.

The generators ^ are shown in Fig. 195, which is also from a photograph

by E. Law. The pressure regulator and the reduction tank are also

1 These generators are now replaced by the Edwards generators described on p. 461.
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shown. The generators, eight in number, are three-necked cylindrical stone-

ware vessels with domed tops, and having a flange round the middle by which

they are supported on the stoneware steam jacket 16 inches high, 16J inches

in diameter, and f of an inch thick. The domed vessel is 2 feet high. The
three necks have If-, If-, and l|-inch holes, the first for charging-in the

manganese ore and closed by an india-rubber plug, the second for the pipe

leading to the main chlorine pipe, and the third for a branch acid supply

tube, I an inch in diameter, fitted with a glass stopcock a foot above the neck,

between which and the stopcock another f-inch tube, the overflow, branches.

The overflow tube, through which the hot waste of the generators has to

pass, is provided with an ebonite stopcock which is turned of! during refining.

Stout combustion tubing is used. The bottom of the generator is covered

with 4 inches of quartz pebbles, to prevent choking of the acid delivery pipe,

which reaches to within 1 inch of the bottom of the vessel. 56 lbs. of man-

Fig, 195.—Chlorine Generators, Melbourne Mint.

ganese ore (about 73 per cent, peroxide), broken to to | inch cube, is placed

on the pebbles, and commercial hydrochloric acid, of specific gravity IT 6,

is added as required thi*ough the acid delivery pipe by turning the glass

stopcock. The acid pipe is of glass, and leads to the eight storage tanks,

20 feet above the floor, which hold 320 lbs. of acid each, and are interconnected

by glass tubes luted into the bottoms
;
the delivery of acid, how^ever, being

from one at a time. The gas delivery pipes from the generators all connect
with a 1-inch lead pipe, which leads to a distributing vessel with two necks,

and partially filled with manganese chloride solution. A pressure gauge
of 1 inch glass tube and 15 feet high is luted into the bottom of this vessel,

and is fixed to the wall by brackets, 10 to 11 feet of the solution being required
to overcome the resistance of about 7 inches of metal in the pots. The pressure
in refining is equal to 5 lbs. per square inch. A four-way tube of lead or

pottery is passed through the second neck of the vessel, and each arm is
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connected by thick rubber to glass stopcocks to which J-inch lead pipes are
joined, these pipes leading to three sets of 4, 4, and 5 furnaces respectively, so
that the supply of gas can be delivered to a few or all the furnaces, as desired,

the subdivision being made for safety in case of a leakage or for convenience
if only a few furnaces are in use. All the generators are used whether the
quantity of gold to be refined be large or small, the same quantity of acid
being run into each. When the flow of chlorine through the gold is stopped
the acid in the generators is forced back through the overflow pipe by opening
the ebonite tap. It is found necessary to have the main pipe in communi-
-cation with another two-necked earthenware vessel containing such a quantity
of water that when the pressure of gas exceeds the working pressure required,

the end of a glass tube, passing to the bottom of the vessel and connected
above the neck with an upright 4-inch lead pipe 10 feet high, becomes un-
sealed, and the gas escapes through the water in large bubbles, escaping

into the air through a glass pipe, inclined at an angle at the top of the lead

pipe. When sufficient gas has escaped to reduce the pressure to the working
limit the pipe is sealed. Thus the pipe acts automatically in keeping the

pressure below such an amount as would endanger the apparatus or cause

joints to leak. It is found expedient to cover all the rubber junctions in the

generating room with calico and then to paint them. Protected in this

way they will last until stopped up by the action of the chlorine which fills

them with a lemon-yellow incrustation, at the same time reducing their

thickness. Ail junctions are secured with copper wire where practicable.

Refining Operations .—The guard pot, with the clay pot in it containing

2 or 3 ozs. of fused borax, is placed in the furnace, and is heated gradually

until the bottom of the clay pot is dull red. The ingots (of wffiich the larger

are slipper-shaped) to be refined, amounting in all to 650 to 720 ozs. in weight,

are then placed loosely in the pot, the furnace filled with fuel, and the dampers

opened. As soon as the gold is melted, which generally happens in about

one and a-hah hours, the boraxing of the pots being also effected at the same
time, the perforated lid is put on, and the pipe-stem, previously brought

carefully to a red heat to prevent cracking or flaking, is pushed to the bottom

of the pot. As the pipe is being inserted, the chlorine is gently turned on to

avoid stoppage of the passage through the stem by the solidification of metal

in it. The supply of chlorine is controlled by the glass stopcock over the

furnace, and the amount is adjusted so that the whole of the gas is absorbed

and no globules of metal can be thrown up. This can usually be ascertained

by feeling the pulsations of the gas through the india-rubber connections

as it escapes in bubbles out of the bottom of the pipe-stem. When the gold

contains much silver or base metals, the absorption of the chlorine takes

place rapidly but gently, very little motion of the contents of the crucible

being apparent, but when the gold to be refined is of high assay and also in

all cases towards the end of refining, the gas is admitted only in a small

stream, and requires careful watching to prevent spirting. When base metals

are present in large quantities (over 2 per cent.) dense characteristic fumes

of the chlorides of these are given off', and the metal or metals present may be

generally identified by the fume or incrustation caused by the condensation

of the base chlorides on the pipe or lid.

Gold containing 2 per cent, of silver and 0-5 per cent, of base metal is

refined to about 995 fine in one and a-half horns, while that containing 3*5 per

cent, of silver and 1*5 per cent, of base metals takes two hours. When larger

percentages of silver or base metals are to be dealt with, the time taken is
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not proportionately longer, because, as mentioned above, a much greater

stream of gas may with safety be admitted, though, in all cases, at the begin-

ning the chlorine must be introduced gently on account of there being

air in the chlorine mains, and, also, at the end .of refining, the supply

must be greatly reduced. When nearing completion, the “flame’' issuing

from the holes in the lid becomes altered in appearance, and much
smaller ;

it now contains much chlorine mixed with small quantities of the

volatile chlorides. The actual completion of the operation is generally

known by the appearance of a very characteristic “ flame,” which is luminous,

with a dark brown fringe. In case of doubt, a piece of clean pipe-stem is

used as a test. It is placed, cold, for a few seconds in the issuing flame, and
if the refining is finished, a clear reddish-brown stain, tending to yellow,

is imparted to the test end. This stain consists of ferric oxide and chloride

from the oxidation of ferrous chloride, .and contains gold and sometimes
chloride of silver, and is probably caused by small quantities of chloride

of iron retained by the fused gold and non-volatile chlorides, frorp which it

is freed by the unabsorbed chlorine bubbling through. Traces of copper

and iron are always found in the refined gold, the bnUc of the alloy being

silver. As soon as the stain is found to be of the right colour, the current of

gas is at once stopped, and the pipe is then withdrawn and the clay pot lifted

out of the guard. If the current of gas is continued a loss of gold ensues.

The pot is allowed to stand under a hood (to carry off the fumes) until the gold

is set, which usually takes place in from five to seven minutes, the fact that

solidification has taken place being observed l)y thrusting a piece of red-hot

pipe-stem down through the fused chlorides. The chloride is then poured
into a mould provided with a ventilating hood, which, in consequence of the

high density of the fumes necessitating a sharp draught to remove them,

is connected with the stack. Any borax poured ofl with the chlorides is

allowed to remain, as it is required as a cover for the chlorides in the subse-

quent fusion for the separation of their gold contents. The pot is then broken,

as the cone of gold will not fall out of it soon enough, and the cone of refined

gold is remelted in the guard and cast into two flat ingots, 12 inches by 4

inches by inches, which, when set and still red hot, are placed on a copper

lift, dipped in dilute sulphuric acid and then in water, and after removal
from the water are still sufficiently hot to dry by their own heat. The broken
pots are ground in a small Chilian mill and panned off, and the gold obtained

is added to the “ end ” that is returned at the end of the day. 9,000 ozs.,

containing up to 10 per cent, of silver and base metals, constitute a day’s

refining.

An improvement was introduced in 1895, by which a considerable saving

of time and material was made. This is the dipping of the fused chlorides

and borax from the pot while it is still in the fire, and without previous

solidification of the gold, by a small clay crucible, from which they are poured
into a covered mould projecting over the furnace, the drops falling back
into the pot. This had previously been the practice when the percentage
of silver was large, as the silver doubles its bulk on conversion to chloride,

and would have overflowed. The last “ dip ” always contains some gold,

and is poured into a separate mould, in which the metal sets at once. The
chloride is thence poured into the larger mould, and the gold returned to the
pot. The chloride remaining in the pot is then made into a paste with bone
ash, after which the refined gold is stirred and cast into ingots, the pot being

at once returned to the furnace to be used a second time.
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TEe chlorides, which hold from 5 to 10 per cent, of gold in feathery
particles, are remelted during the day in plumbago crucibles holding 300 ozs.

of chloride. When fused, 7 per cent, of their weight of bicarbonate of soda
is added, cautiously and without stirring, which produces a shower of globules

of reduced silver, and these falling through the chlorides carry down nearly

all the gold. As one addition of bicarbonate of soda does not entirely free

the chlorides from gold, a second addition is made, without removing the

crucible from the furnace, ten minutes being allowed after each addition.

The pot is then lifted out and placed on one side to allo'w the metal to set,

when the chlorides are poured into a mould 12 inches by 10 inches by
2 inches, practically free from gold and ready for reduction. The silvery

button obtained contains from 40 to 60 per cent, of gold, and is refined on
the following day.

The silvery ingot and the refined gold contain 99-95 per cent, of the

gold issued in the morning for refining, the bulk of the deficiency being in

the pots. The amount of gold which goes immediately into work alter

refining is 97-6 per cent, (an average of thirty days’ refining). The amount
of gold left in the silver after reduction from the chloride reaches a maximum
of 1 part in 10,000, but is usually from 4- to ^ of this quantity.

The cakes of impure chloride, weighing about 250 ozs. each, may be

colourless and translucent to brown or chocolate in colour and opaqTie, the

colour depending on the amount of copper salt present. They consist of

argentic and cuprous chlorides, with traces of other chlorides and 9 per cent,

of chloride of sodium from the decomposition of silver chloride by bicar*

bonate of soda. When cool, each cake is sewn up in a coarse flannel bag

to prevent loss of any silver which may become detached dining reduction,

and they are then boiled with water in a wooden vat for four or five days.

By exposure to ah and moisture the cakes become coated with a green

deposit, owing to the conversion of the cuprous chloride into cupric oxy-

chloride and hydrated cupric chloride, and the successful removal of a

large proportion of the cuprous salt in the vat is due to its solubility

in a hot solution of common salt and of hydrated cupric chloride, from

which it is redeposited on dilution.

The cakes for reduction are placed alternately ivith wrought-hon plates

f inch thick in a cast-iron tank lined with similar plates. The plates are

prevented from touching the bags by laths of wmod, otherwise the copper

would be reduced in the bags, and wmald be difficult to separate from the

silver. The reduction is slow in starting, unless either some liquor is left

from a previous operation or some chloride of iron added. The bath is heated

by the direct injection of steam (this is absplutely necessary), and the reduc-

tion is complete in from two to four days, though sometimes it takes longer.

The time may be lessened to twenty-four hours by putting the chloride

cakes in metallic connection with the iron plates, or by adding a strong

solution of sodium chloride, a method suggested by M. Lf. Bagge.^ In the

latter case some silver chloride is dissolved, and the silver from it passes

into the reduced copper and is lost. The completion of the reduction may
be easily ascertained by feeling the cake, when, if any chloride be um’educed,

it is left as a hard lump. The reduced silver is taken out of the bags, w^ashed

in boiling water for about an hour, and then melted with from 1 to 5 per

cent, of nitre. The use of the flannel bags makes the reduced silver of high

^ Thirti/seventh Annual Report of the Mint, 1906, p. 127.
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standard, as the reduced copper is thus prevented from adhering to the silver

cake, from which it was found very hard to detach it without tearing ofi silver

as well. A small percentage of reduced silver and silver chloride is found

at the bottom of the tank, its presence being probably due to the solubility

of the chloride in solutions of the chlorides of copper, iron, and sodium.

The method now in use at Melbourne for reducing the chloride is due

to W. M. Eobins. It is as follows —The chlorides are poured into cakes

about I inch thick, and these are crushed into pieces of about J inch cube,

making as little dust as possible. The crushed chlorides, loosely folded in

flannel, are placed in open cane baskets, giving layers 3 inches thick. The
baskets holding about 350 ozs. each are stacked at one end of a concrete

vat of 30 inches cube. At the other end, separated by a perforated wooden
diaplu’agm with '|-inch holes, are some iron plates. The vat is filled with

water, and the contents boiled by means of live steam for 24 hours. The
copper chloride is dissolved and precipitated by the iron. The residual silver

chloride is then placed in loose layers about f inch thick between iron plates

in another vat and boiled for 24 hours, when reduction is complete. The
silver is then washed, melted in plumbago pots and cast. It averages about

996 fine.

When base gold is refined the amount of copper chloride is large and is

probably more easily dissolved in water, so that the resulting silver is finer

than if the original bullion contained only a small amount of copper. In

the latter case the copper chloride is not easily removed from the chloride

cakes.

The silver contained in the gold operated on is distributed in the following

manner, the mean results obtained at Melbourne in the five years 1891-95

being given :

—

Silver in ingots, . . . . . . 88*77 per cent.

,, left in refined gold, .... 7*62 „

„ in “ sweeps,’’ ..... 2*00 „

„ unaccounted for, . . . . . 1*60 ,,

No silver is now “ unaccounted for ” since the introduction of Eobins’

method. The “ sweep ” from the condensing chambers amounts to about

3 cwts. per annum, and contains an average ‘of 41 ozs. fine gold and 157 ozs.

fine silver, which are carried over as globules or volatilised as chloride and
condensed.

The mean amount of gold refined per annum at Melbourne during five

years (1891-95) was 949,527 ozs., containing gold 937*7, silver 49*6, and
base metals (by difference) 12*7. The mean assay of the refined gold for

the same period was 995*9, and the mean loss of gold in the refining opera-

tions for the same period was 0*175 per thousand. Similar results are still

being obtained.^

The loss of gold by volatilisation is probably prevented from reaching
the large amounts which might be expected from the known volatility of

gold chloride by the fact that, during the whole time that the chlorine is

being passed, silver and base metals are present, and, by absorbing the
gas, protect the gold from its action. Moreover, the cover of slag intercepts
any volatilised gold.

^ Forty-third Annual Report of the Mint^ 1912, p. 103.
Annual Reports of the Min% 1891 to 1913.
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The approximate cost of refining per ounce gross weight refined at
Melbourne was as follows ;

—

In 1894. In 1895.

Material, . . . 0-1397 of a penny. 0-1215 of a penny.
Wages, . . . 0*1485 „ 0*1439

0*2882 „ 0*2654

Half the cost for roaterials was for hydrochloric acid at £20 15s. per ton.
In the year 1904, 1,074,550 ozs. of rough gold were* chlorinated at

Melbourne. The average assay before refining was

—

Gold, 923*0
iSilver, 42*5
Base, 34.5

This was brought up to an average fineness of 994*9, costing approximately
per gross ounce treated

—

Stores, . . . . . . . . 0-1132 of a penny
Wear and tear, . . . . . 0-0078
Treatment of sweep, . 0-0313

0-1623
Wages, excluding supervision, . . 0-1222

Total, . . . . . . 0-2745

Thomas Price, who treated some of the Californian gold bullion by this
method on a working scale in his laboratory in San Francisco, stated^ in 1888
that, with Californian gold, which generally contains more silver than
Australian gold, the gold taken up by the chloride of silver amounted to-

5 per cent., and even to 10 per cent, of the total weight of the gold. For
this reason, and on account of the large amount of silver bullion in the
San Francisco market requiring parting, Price considered that the Miller
process, while technically successful with Californian gold, was hardly able
to compete commercially with the ordinary sulphiuic acid process. This
opinion was apparently based on an imperfect acquaintance with the chlorine
process, but was probably sound at the time when it was expressed.

Ediuards' Oenemtor}—In 1901 a new generator, patented by T. Edwards,
Pyrites Works, Ballarat, was introduced at the Melbourne Mint. The design
is simple, and it has given entire satisfaction. It consists of a wu’ought-iron

flanged cradle (see Fig. 196, which is from a working drawing kindly supplied

by F. E. Power), fitted with a lead lining -| inch thick, cast or hammered
from sheet-lead to fit. The lining is supported at the bottom and sides by
outside ribs (forming part of the casting), wdth openings to permit of the
free circulation of the hot water used for heating the charge. The water
passes between the iron case and the lining through a hole in one of the

^ Price, Tram. Amcr. Inst. Mmj. Ewj., 1888, 17 , 30.
* CommunicatecI by P. P. Power.
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trunnions on which the generator is suspended, and escapes through a similar

hole in the other trunnion. A flat lead-lined iron cover lies on the flange

of the lining, and is secured by iron bolts to the flange of the cradle, a gas-

tight joint being obtained by a rubber washer 3 inches wide.
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screws, passing through, iron clamps bearing against iron lugs. One opening

is used for charging-in and washing out, and the other has attached to its

cover two pipes, one for water, which empties the generator of chlorine

by forcing it through the second pipe into a second generator, when the

charge of the first is exhausted.

The fourth opening, 4 inches in diameter, in the centre of the cover, has

a two-way lead casting with flanged openings, fastened over it. Through
this the acid is delivered by a siphon pipe, while the chlorine passes through

the second opening into the pipe leading to the condensing jar, and thence

to the main pipe. The acid delivery, chlorine, and water pipes are bent

over to a trunnion, and fastened to it by clips, and have 2 feet of stout rubber

tubing, f-inch wall, inserted in their length to take up the slight twist pro-

duced when the generator rocks. The acid is fed by gravity from a graduated

lead jar, 7 feet above, by a lead siphon, having an earthenware tap at the

level of the generator to regulate the flow. A crank shaft connecting with

the driving arm fixed at one end of the generator gives three complete

oscillations per minute, the cover making an angle of 50° with the floor.

This ensures the thorough mixing of the charge.

The usual charge is 80 lbs. manganese ore (73 per cent.), 100 lbs. salt,

and 10 gallons of water. The acid is allowed to flow down at intervals until

about 225 lbs. of chamber acid (sp. gr. 1*83) have been added. To get the

maximum yield of chlorine, the charge must be heated nearly to boiling

at the end. The generator is easily emptied through a 2-inch pipe burnt

into one of the covers. The capacity is about 90 gallons, and with 100 lbs.

manganese ore, 125 lbs. salt and 265 lbs. of acid, 1,560 ozs. of base metal and
silver have been removed at the Melbomme Mint in one working day.

At the Ottawa Mint, E. Pearson uses the gas given ofl from liquid cMdrine

contained in cylinders.

Prelwimary Refining}—Though the main object of the chlorine process

as used at Melbourne is to produce nearly fine gold, which on alloying with

copper will be tough, it is frequently employed to enable gold containing

much base metal to be partially refined so as to give a correct assay, or

to enable a check assay to be made on finer metal, Avhere the appearance

of the original clips and ingot make it doubtful if a trustworthy assay is

possible. In the case of ingots containing much silver, the operation has

to be carefully conducted, otherwise some silver may become converted

to chloride. In partial refining it is necessary to vary the pressure of the gas

according to the weight of the ingot. The pressiue may be reduced auto-

matically from the full pressure as delivered from the generator as follow's

(see Fig. 197) :—

•

A is the full pressure main. B is an ebonite plug, wdth a pin-hole drilled

through the centre, inserted in A. G is a glass pressure gauge reaching

to the bottom of a Woulfl’s bottle, D, which contains w^ater, and is of

about a litre capacity.

The gas passes from A through B and into D. The tap, E, allow^s it to

pass into the melted metal, through which it bubbles as soon as the pressure

in D is sufficiently great to overcome the resistance. Test pieces are taken

by dipping from time to time to determine the extent to which the refining

has gone,

A preliminary refining with oxygen gas is given to low-grade material

* Communicated by F. R. Power.
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at the Perth Mint. According to A. Ventris^ the superintendent, zinc^

iron, lead, etc., are removed at a lower cost than if chlorine were used.

9. Electrolysis in Silver Nitrate Solution.—The method presents some

advantages over acid parting, among them being the absence of noxious

fumes, except during acid treatment of the gold residues, the small amount
of labour and chemicals, the cleanliness and rapidity of working, and the

absence of bye^products, so that the loss of metal is reduced to a minimum.

In consequence of these advantages, dore silver is generally treated in

this way.

The Moelius Process!^—This process is in successful operation in several

localities in the United States and Germany. It is said ^ to be specially

suitable for refining copper bullion containing large proportions of silver

and gold with small quantities of lead, platinum, and other metals, but

is chiefly used in parting dore silver containing not more than about 10 per

cent, of base metals. A similar process is in use in the “ silver cells ” of

Fig. 197.—Arrangement for Varying Gas Pressure, Melbourne Mint.

the electrolytic processes adopted in the mints of the United States and
Canada (see below, p. 466),

The apjjaratus required consists of a number of earthenware or wooden
vats coated wdth graphite paint. The solution used contains 1 per cent,

of nitric acid, which constitutes the electrolyte. Th’s is soon converted

into silver and copper nitrate, in which a small percentage of free nitric

acid is kept. The anodes consist of plates of bullion of about inch thick,

18 inches long, and 10 inches wide, which are hung in closely woven filter-

cloth bags destined to catch the insoluble impurities after the silver, copper,

etc., have been dissolved. The anode residue consists of gold, lead (as per-

oxide), platinum metals, antimony, etc. The cathodes consist of thin rolled

plates of pure silver, slightly oiled to prevent adhesion of the deposited

metal These plates are continually scrubbed by a mechanical arrangement

1 Private communication to the author.
2 Eng. Pat. No. 16,554, Dec. 16, 1884.
2 Gore, MIectrolytic Separation of MetaU (London, 1890), p. 240.
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of wooden brushes, by which their surfaces are kept free from loose crystals

of electro-deposited silver. The loose silver falls on to trays placed below,
which are removed at intervals, and the silver collected from them. It is

necessary to agitate the electrolyte.

The current should have an electromotive force of from one to three
volts for each vat, but the potential per cell at the Electrolytic Refining and
Smelting Company of Australia at Port Kembla, N.S.W., was eight volts.^

The current density may be as high as 50 amperes per square foot of anode,
but is usually only 20 or 30 amperes per square foot. The copper is not
deposited unless the solution becomes too vreak in silver or too^rich in copper.

When too much copper has accumulated in the solution the latter must
be removed, the method being as follows :—The bullion anodes are replaced

by carbon ones, and a weak current passed until all the silver is deposited.

The silver cathodes are then replaced by copper ones, and a strong current

passed so as to deposit the copper as rapidly as possible as a loose powder,
which falls into a copper box. This box is connected with the cathode to

prevent corrosion by the acid which is set free. The liquid thus regenerated

is used again as the new electrolyte. Instead of occasional renew’-al of the

w^hole electrolyte, it is more usual to dra^v of! a portion each day and replace

it with solution free from copper.

If no copper w-ere present in the bullion it is clear that there would be
no consumption of acid, and it would never be necessary to change the

electrolyte. Under the most favourable conditions, therefore, with water
powder available and the amount of copper in the bullion very small, the cost

of parting dore silver would be merely nominal.

At the Pinos Altos Mine, Chihuahua, Mexico,^ a little plant capable of

treating from 3,500 to 4,000 ozs. of dore silver in 24 hours was at work in

1890. The bullion was from 800 to 900 fine in silver, and 25 to 50 in gold,

the rest being chiefly copper. The silver anodes were dissolved in about
24 hours, and the melted cathodes were 999 fine. The electric ciurent em-
ployed was 170 amp^es, the electromotive force being 8 volts. The cost

of parting was said to be less than cent per gross oz. of bullion.

The Moebius process w^as also in successful operation at the works of

the Pennsylvania Lead Company at Pittsburg from 1886 to 1897
;

here

it is said that from 30,000 to 40,000 ozs. of dore bullion were refined daily.

The dore bullion did not contain more than 2 per cent, of impurities (lead,

copper, bismuth, etc.), and was cast into large anode plates, 1-3 cm. thick

and weighing 13 to 15 kilogrammes, which are less advantageous than the

light thin anodes used at Frankfort. Each anode was dissolved in about

2i- days. When the copper rose to more than 4 or 5 per cent, in the solution,

part of the liquid was wdthdxawm, and the silver precipitated as chloride.

The silver produced was from 999 to 999*5 fine, and could be raised by
repeated washing to 999*85.^

At the Perth Amboy plant of the American Smelting and Refining Com-
pany, the process was in use in 1906.^ The dore bars from electrolytic copper

refining were cast into anodes. There were 144 silver cells in 24 divisions.

Each cell consumed 260 amperes at 1*75 volts, the total consumption of

current being 62 kilowatts and the yield 1,600 ozs. silver per kilowatt in

^ R. G. Casey, Mimral I^yZustryf 1910, p. 223.
^ G. Maynard, Eng. mid Mng, J., May 9, 1891, p. 556.
® T. Ulke, Mineral Indv0;-7'yy 1895, p. 356.
* 0. Fufahl, Eng. and Mng. J., Jan. 27, 1906, p. 169.
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24 hours, or nearly 100,000 ozs. in all per day. The mean composition of

the electrolyte was said to be 10 per cent, free nitric acid, and 17 grammes
silver and 35 to 40 grammes copper per litre.

At the Frankfort refinery, where this process is in use,^ the general

arrangements are similar to those noted above. The operation is begun
with a very dilute solution of nitric acid and with a current of about 300

ampkes per square metre (28 amperes per square foot). As the operation

proceeds, copper accumulates in the liquid (the silver anodes being only

about 950 fine), and reaches about 4 per cent., the silver being about 0-5 per

cent., and the free nitric acid from OT to 1-0 per cent. As the copper accumu-

lates, fresh acid is added, and the current reduced to about 200 amperes
per square metre. The. E.M.F. required for each cell is 1*4 to 1*5 volts.

The anodes are from 6 to 10 mm. thick, and each weighs about 1*5 kilo-

grammes; they are completely dissolved in about 36 hours, and another

plate is at once substituted, the gold slime being cleared out of the anode

bag either once or twice a week. The total capacity of the Frankfort

refinery (3,200 ozs. per vat in 24 hours) is about 30,000 ozs. per day, the

area occupied by the plant being only 40 feet x 45 feet.

At the Guggenheim Smelting Company, New Jersey, a continuously

moving endless silver belt was formerly used as cathode, the deposited silver

being brushed ofi by fixed brushes, so that it fell into a separate tank. The
capacity was 100,000 ozs. per day, and the cost, exclusive of superintendence,

office expenses and royalty, was stated to be about I cent per oz.^

At Lithgow, in New South Wales, ^ the mud from the electrolytic refining

of blister copper, with electrolyte of sulphui'ic acid, is sifted, washed, heated

to a dull red heat and boiled in concentrated sulphuric acid. The residue

is then washed, dried and fused with sodium carbonate in a small cupel

furnace with the production of bullion which usually contains 12 to 16 per

cent, gold and 82 to 86 per cent, silver. This bullion is parted electro-

lyticaily in an electrolyte of silver nitrate solution, a silver plate forming

the cathode. The gold is caught as a mud in calico bags, and after

being heated with nitric acid, is fused, giving a product usually from 990
to 998 fine. The silver is removed from the cathodes by moving wooden
arms as fast as it is deposited. The detached crystals are collected and
fused, the silver being not less than 996 fine.

The United States Mint Silver Nitrate Process.

In describing . the introduction of the gold chloride electrolytic process

(described below, p. 474) at the Philadelphia Mint in 1902, the Director

of the United States Mint and Dr. D. K. Tuttle, the melter and refiner, dwelt

on its limitations, and observed ^ that the ideal refinery plant for a mint
would be one in which electrolytic separations are the leading features.

The bullion to be parted and refined will be divided into two classes, by
selection, and by blending in making up the materials for anodes. ITie

one class will have silver as the predominant metal, but carrying as much
gold as will permit its treatment by electrolysis in a silvei* nitrate bath.

1 Borchers, Electrio ami Refining, translated by W. G. McMillan (London
1904), p. 317,

2 T. Uilce, Mineral Industry, 1895, x>. 358 ; ibid., 1900, p. 233.
® Trans. Australasian Inst. Mng. Eng., 1911, 15, 36 ;

J. Soc. C%eni. Ind., 1914, 33 , 202.
* Report of the Director of U.S. Mint, 1901-2, p. 123.
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Tlie product from this operation will be fine silver, and the residues will

consist of gold, platinum, and other impurities. The other class of bullion

is to be largely gold, as at present, selected for electrolytic treatment in a
gold-chloride solution. The residues from each process would pass to the
other for final treatment. Work is now being done, looking to the realisation

of this scheme.” In 1905, the Director of the United States Mint stated that ^

‘‘ By persistent efiort this has now been accomplished, and the energy obtained
from a few bushels of coal in the form of an electric cuiTent is made to do
the work of dray loads of expensive acids. Dore bars are successfully refined

in industrial establishments by the Moebius or similar processes, but since

in mint practice (and, it may be added, in gold refining generally) silver has
to be added to the gold and used as parting material, an economical process

must require the minimum percentage of silver in the anodes.” The per-

centage composition adopted was 30 per cent, gold and 70 per cent, silver,

copper, lead, etc., or about the same composition as had previously been
used for acid parting. The Director proceeds, “ The electrolyte used is a

3 per cent, solution of silver nitrate in water, to which is added 1|- per cent,

free nitric acid. The tanks are of earthenware, 40 inches by 20 inches and
11 inches deep. In each of these are suspended from conducting-rods 41

anodes and 40 cathodes. The anodes are composed of 300 parts in 1,000 of

gold, the remaining 700 parts consisting of silver, copper, and other impmities
as parting material. They are cast into bars 7^^ inches long by 2|- inches

wide and f inch thick. The cathodes are strips of fine silver of the same
length and width rolled to 0*016 inch thick.

'' Eight cells so equipped are connected up in series, and a current with a

density of 0*05 ampere per square inch passes through the system. The
silver and other soluble metals are extracted from the anode by the combined
action of the current and electrolyte, while the gold remains as a chocolate-

brown substance sufficiently coherent to retain the original form of the anode.

Meanwhile pure silver is deposited in a crystalline but coherent form on the

cathode. Heretofore a coherent deposit has not been obtained in the Moebius

and other processes in commercial use, being non-adherent crystalline gran-

ules, which fall from the cathode to the bottom of the cell.

“ The deposit in a coherent form is due to a happy observation of the

melter and refiner (Dr. D. K. Tuttle), in which it was discovered that the

addition of a very small amount of a colloid, such as gelatine, to the electrolyte

•changed completely the nature of the deposit, so that the ' vertical system ’

of anodes and cathodes became for the first time possible. The cathodes are

washed wdth water, melted without fluxes, and cast into bars.”

It may be noted that a similar addition of a colloid substance, usually

glue, is made to the bath in the electrolytic refining of copper. It is stated ^

that A. G. Betts was the first to employ this means on a large scale in his

lead refining process.
“ The anodes retained presistently a small amount of silver, even if

•subjected to the action of the current after oxygen is freely evolved from

their surfaces. ... If the action of the current be prolonged on the anodes

after most of the silver has been dissolved, the nascent oxygen evolved will

attack the spongy gold and produce a small but notable quantity of gold

tetroxide, soluble in concentrated nitric and sulphuric acids. It is deposited

^ Report of the Director of U.S. Mint^ 1904-5, p. 60.

* Electrocheiinical miR Metallurgical Industry

^

Oct. 1906, p. 379.
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from tkese solutions on dilution, but, of course, in a finely divided form.

It is probably a hydrated oxide, since by simply heating the oxidised anode

to 250° ’’ a change occurs, subsequent to which “no gold passes into solution

in acids.
“ The silver remaining in the anode is removed by a treatment in hot

nitric acid, the resulting solution being used to replenish the electrolyte.

The gold is then thoroughly washed with water and melted. If platinum

is present it will remain with the gold, and we usually pass this through

the, gold refining cells (Gold Chloride process, see p. 482). The losses in

these operations need be very slight if care and cleanliness be used. All

accidental sloppages of solutions are mopped with cotton cloths, which are

burned and the ashes preserved. The necessary losses should be less than

1 oz. in the thousand.”

The process was subsequently introduced at the Denver Mint, as described

by E. L. Whitehead,^ who installed the refinery. A summary of the descrip-

tion is given below.

The silver cells are eight Bertuch earthenware tanks, 47 inches long,

26 inches wide and 22 inches deep, arranged in cascades, four on a side.

Hard rubber pipes drain from the bottom of one tank and empty into the

top of the next below. A hard rubber pump, with a capacity of 18 gallons

per minute, forces the electrolyte to a distributing jar placed on a platform

above the level of the tanks. The jar has an outlet to each row of the tanks,

and is automatically filled by means of a rubber float, which in turn stops

and starts the rubber pump, drawing its supply from a tank placed below

the level of the last depositing tank. If the automatic mechanism gets out

of order, a 2-inch pipe will act as a bye-pass, from the supply to the suction

tank. The foundations are of glazed brick, on which are placed slabs of

acid-proof Alberene soapstone 3 inches thick. The main floors of the refining

room consist of similar slabs 4 feet square and laid with splinted joints. The
floor under the depositing tanks and for 18 inches on either side is covered

with 18-lb. sheet lead made in the form of a pan, in order to catch any “ spill.”

The electrolyte is 2 per cent, free nitric acid and 3 pet cent, silver in solution

as nitrate. The system of handling the products is similar to that used in

the gold chloride process, see below, p. 483. The gold residue is washed,

dried, melted and cast into anodes for the gold cells.

The anodes are suspended by gold hangers from the copper bars which
rest on the tops of the tanks, the entire length of the anodes being immersed.
The cathodes are rolled sheets of pure silver 0-01 inch thick. The deposited

silver is stripped off them, and the cathode straightened so that it is ready
for use again. The current density is 20 amperes per square foot, against

7*5 amperes at Philadelphia. There is a 200-ton hydraulic press for pressing

silver and copper residue, so as to facilitate handling.

The refinery at San Francisco is described by E. L. Whitehead ^ and
E. E. Durham.^ Both the horizontal or Thum system of parting silver

and the vertical or Tuttle (Moebius) system were in use in 1909. The tanks
for the vertical silver system are of browm earthenware, and are 18 in number,
39 inches long, 19 inches wide and 12 inches deep. These were to be replaced

by cells 18 inches deep. The anodes are made up to 300 to 333 parts of gold

^ Whitehead, Meport of the Director of the TJ.S. Mint, 1905-6, p. 59.
2 Whitehead, ElectroGhemical and Metallurgical Industry, Sept. 1908, p. 355.
® Durham, Trans. Amer. Inst. Mng. .EJ’np., *Oct. 1911; Eng. and Mng. Nov. 1911, pp.,

901, 950.
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per 1,000, not over 100 parts base metal, and the rest silver. The electro-

lyte contains from 1 to 2J per cent, free nitric acid, 3 to 4|- per cent, silver

as nitrate, and some lead, copper, bismuth and zinc. A solution of glue is

added. As the anodes are very base, about 5 per cent, by volume of the
electrolyte is drawn off each day and an equal volume of solution very rich

in silver is added. This is sufficient to keep the electrolyte pure enough to
make a coarse sugary deposit.

The circulation of the electrolyte is by the trough system, the liquid

being raised by a centrifugal pump from a lower pump tank to a discharge

jar placed above the cells. The liquid flows from a spigot in the bottom
of the discharge jar to a trough above the cells, and the flow to each cell or

tank is regulated by adjusting the respective openings from the trough.

The solution enters at the top of the end of each tank and is drawn from the

bottom into another trough leading to the pump tank. Each tank thus has
its own individual flow of electrolyte at the speed required by its condition,

and at the same time the composition of the electrolyte is kept the same
for all tanks. The propeller system of circulation, in which each cell retains

its own electrolyte, is considered by R. L. Whitehead to be less advantageous.

It was still in use in 1909, according to Durham. The electrolyte having a

uniform composition (with trough circulation), practically the same cmTent
density is kept in each tanlv, about 8-3 ampm’es per square foot of anode
surface (Durham).

The distance between anode and cathode centres is 2
-I

inches. As the

dissolving action continues, the anodes are taken out at intervals, and the

black sponge, consisting of gold with 10 per cent, of silver and 1 per cent,

of base metals, is shaken off into an earthenware jar, washed in a centri-

fugal machine and melted into anodes for the gold process. After 48 hours

the anode cores are removed to the horizontal ceils. The cathode deposit

of silver is shaken or scraped off the cathodes, which consist of pme silver,

washed and dried in a centrifugal machine, and melted. The finished product

is about 999*5 fine. The stripping of the deposited silver from the cathodes

is facilitated by smearing on them a “ dope,” consisting of a mixtui*e of

silver nitrate, copper nitrate and hydrochloric acid. The detached slime

accumulating at the bottom of the cells is removed to the horizontal cells.

There are six horizontal cells. The anode is contained in a basket or tray

lined with duck, and consists of a heterogeneous mixture of materials. The
cathodes are graphite plates placed at the bottom of the cells. The electrolyte

is the same as for the vertical cells, and a cm-rent density of 14*3 ampm^es

per square foot of cathode is used. The black gold anode shme passes to the

gold cells, and the deposited silver is melted with that from the vertical

cells.

The silver in the foul electrolyte is precipitated by copper plates, and

returned to the silver anodes. The dissolved copper is recovered in hard

lead-lined tanks by deposition on scrap iron. The cement copper contains

gold, silver and platinum. The anode residue of gold is washed, and melted

into anodes (varying from 920 to 950 fine in gold) for the gold chloride process.

There is no boiling in nitric acid. All the products are washed in earthen-

ware centrifugal machines.

The process was introduced at the United States Assay Office, New
York, in 1912,^ where, as at the Philadelphia, Denver and San Francisco

^ Report of the Director of the U.S. Mint, 1911-12, p. 49.
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Mints, the silver nitrate process was run in conjunction with the gold chloride

process. At New York, if the bullion received contains 850 or more gold

per 1,000, it is passed directly to the gold cells. If it contains less than 850 per

1,000 of gold, it is passed through both processes.
“ In practice the deposits of bullion are so combined that the resulting

melt will vary between 250 and 400 parts in 1,000 in gold, 120 parts base

and the remaining parts silver. This melt, 3,800 ozs. troy, is poured into

anodes 16 inches by 3 inches by inch thick, with a -|-inch hole at one end

for suspension in the electrolyte. Allowing the gold contents in the anodes

to vary between the above limits reduces the clerical work, and is permitted

by the process.
“ Each anode is placed inside a muslin bag, tied at the top, and then

suspended in the electrolyte by a gold hook from the proper connection.

The cells for the silver refining are 47 inches long, 24 inches wide and 24 inches

deep, and. are made from vitreous acid-proof stoneware. The electrolyte

contains about 2 per cent, free nitric acid and 2 per cent, silver nitrate, and
this proportion must be practically maintained in order to keep other metals

from plating on the cathode. The silver is plated on a thin strip of rolled

silver, which is lifted out once in eight hours and the loosely adhering crystals

scraped into a dish. The addition of glue to the electrolyte for preventing

treeing has been discontinued. The portion of the crystals which fall to the

bottom of the tank is regained periodically and added to the fine silver

output. This bottom silver runs almost as fine as that which is scraped

from the cathodes. The silver and other soluble metals contained in the

anodes are gradually dissolved by the action of the electric current while

the gold remains as a coherent mass, retaining the shape of the original

anode, but of a spongy nature and very easily broken. One of the functions

of the bag is to prevent these easily broken anodes from mixing with the

silver in the bottom of the cells. In general the bullion contains so much
base metal that the anode is very brittle and often breaks prematurely.

This necessitates the use of the ‘ horizontal cell,’ in which, the anode and
cathode lie in a horizontal position. The broken anodes are transferred

from the vertical cells to the horizontal ones. The horizontal is slower and
requires more energy than the vertical cell, so that it does not replace the

vertical type but supplements it.

‘‘ A porcelain basin, with a filter bottom, is used in the horizontal cells

to hold the anodes, and the cathode is a graphite plate placed about 4 inches

below the other pole. The deposited silver is taken out periodically by means
of scrapers and added to the fine silver output. The product from the silver

cells is from f>99 to nearly 1,000 fine, and if any of tliis product contains

more than 1 part of gold in 30,000 parts of silver, it is I'e-treated.

The treatment of the foul electrolyte consists in the j)recipitation of

the silver by metallic copper and regaining this coppei*.

There are two sets of 16 vertical cells, each in series, across the circuit

of 11 volts. The current density is about 6 amperes pei* square foot, although
this varies considerably, according to the condition of the solutions and the

nature of the anodes. The cells are placed on a long table built of brick

topped with soapstone slabs. The slabs are countersunk, making a J-inch

rim around the whole table, thus preventing drops of the electrolytes fj-om

falling on the floor, which is also made of soapstone slabs. The two series

of horizontal cells are placed on a somewhat higher table of similar construc-

tion. A centrifugal hard rubber ])ump lifts the foul electrolyte from the
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level of tLe cells to that of the (foul electrolyte) precipitating tanks. The
28 horizontal cells are connected two in series across the same circuit as the

vertical cells, and they carry a current density of 35 amperes per square

foot. The circulation in the vertical cells is obtained by a glass propeller in

each cellj a small belted motor furnishing the necessary power, while no

circulation is required in the horizontal cells.” ^

There appears to be some difference of opinion as to the relative merits

of the horizontal and vertical systems. According to Whitehead,^ the great

drawback to the vertical system is the low current density permissible in

obtaining the necessary coherent deposit, amounting to only 7 or 8 amperes

per square foot of cathode at the beginning and from 4 to 5 towards the

end of the operation, as against 35 to 50 amperes per square foot in the

horizontal system. The silver and gold are thus kept in the tanks for about
eight days in the former case, as against one or two days in the latter. The
anode gold also requires to be boiled in acid after removal from the vertical

cells. The vertical cells require only I volt as compared with 3|- volts in the

horizontal cells.

The following description of the process, as practised in 1913 at the

Royal Mint, Ottawa, is due to A. L. Entwistle,® w^ho is in charge of the

refinery :

—

Gold bars over 900 fine are passed at once to the gold cells (see p. 484).

Gold bars less than 900 fine are alloyed with silver, or, if possible, made
up of mixtures of gold deposits of varying fineness, to form an alloy of 40 per

cent, gold, 55 per cent, silver and 5 per cent, base metal. From experiment

40 per cent, gold seems to be the maximum amount of gold possible for

parting. This mixture is melted in plumbago crucibles capable of holding

about 3,000 ozs. The metal is well stirred before pouring, and is cast into

closed iron moulds each 15 inches long, 3 inches wide and f inch thick. These

moulds, 50 in number, are arranged in a carriage on wheels, wdth four

heavy lock screw bolts, two at each end, to tighten them up. At a point

1 inch from the bottom end of the mould there is a tapered pin of f inch

diameter, which leaves a hole in the bar produced. These bars constitute

the anodes for the silver cells and weigh about 100 ozs. each.

The electrolyte, which is a solution of silver nitrate containing 3 to 4 per

cent, silver and about 2 per cent, free nitric acid, is contained in an earthen-

ware tank, holding about 400 litres, of the following dimensions, 4 feet long,

2 feet wide, and 2 feet deep. On the sides of the tank, at the top, are

placed strips of hard rubber, with grooves cut out, running the length

of the tank. In these grooves are placed f-inch steel rods covered with

hard rubber tubes, the ends of which are plugged with the same material.

The rods have a strip of silver on top | inch wide and inch thick,

shaped to fit the rod. The anodes and cathodes are suspended from the

stiip, which carries the current.

The cathodes are strips of fine silver 21 inches long, 3 inches wide and

-yljyij- inch tliick, annealed to within 3 or 4 inches of the top and bent over

to fit the rods.

The anodes are suspended by gold hooks slipped through the hole in the

end and are enclosed in cotton bags, which are tied at the top round the

hook with string. The whole of the anode is immersed in the electrolyte.

Report of the Director of the U.S, Mint, 1D10-L2, p]). ItS-HO.

^ R/eetrorhew. an,ft Met. hid., Oct. 1008, p. 400,

Private coinniniiiciitioii by permission of Dr. .1. Bonar, Deputy Master, Ottawa Mint.
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Alongside the grooved hard rubber, above mentioned, is a copper rod

I inch square, running the length of the tank, to which the silver strips

which carry the current are attached by means of brass screws and washers.

The current is divided by splitting the leads from the dynamo and con-

necting to the copper rod in two places, so that the distribution thi-ough

the cell is more even.

In the middle of the tank is a glass stirrer or propeller, revolving at

about 350 revolutions a minute, and causing an upward current in the

liquid. The propeller is driven by a H.P. motor, and the driving pulley

Fig. 198.—Porcelain Filter (washing proceeding), Ottawa Mint.

is grooved for a l-inch round belt. This drives a 3-inch fibre pulley, to

which is attached the glass stirrer. The bearings for the pulleys are also

made of fibre. If the electrolyte is not stirred the deposit is uneven, and
short circuiting takes place owing to the deposit treeing.”

The hard rubber-covered steel rods are of two sizes, the short ones 2 feet

3 inches long, and the long ones 4 feet 10 inches long. The tanks are placed
close together, and the long rods go across two tanks, and the short ones

one tank. Two or more tanks are connected up in series, the current entering

through the lines of anodes, which are in parallel, passing to the lines of
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•cathodes, also in parallel, and by means of the silver strips on top of the
long rods to the anodes in the next cell, and so on through the whole
series.

In each tank there are 9 rows of anodes, 5 in each row, and 9 rows of

cathodes, 5 in each row, except in the middle row, where there are only
4 anodes and 4 cathodes, to allow room for the stirrer. The rows of

•anodes and cathodes are separated by a distance of 2|- inches. The weight
of the 44 anodes in the tank is about 4,400 ozs., consisting of gold 1,760
ozs., silver and base metal about 2,640 ozs. There are ten taris in use,

;set up in series, standing upon strong wooden tables.

The current used is 350 to 400 amperes at 8 to 9 volts, therefore each
cell requires about 0*8 volt. The current density is about 25 to 29 amperes
to the square foot. The silver dissolves from the anodes and is deposited

upon the cathodes, the base metals being converted into nitrates and going
into solution. The deposit of silver is brilliantly crystalline and coherent.

The cathodes are taken out once in 12 hours and
scraped with a silver scraper into a large porce-

lain filter, which is pulled around on a truck.

When filled the filter is hoisted up on to a wooden
platform by electric power, and the metal is

washed free from silver nitrate, copper nitrate,

etc., with hot water, and dried in a copper pan.
It is then ready for melting and casting into

ingots, the fineness being 999*5 or over.

Fig. 198 is from a photograph of a porcelain

filter filled with silver ready for washing. Figs.

199 and 200 show in plan and section the porce-

lain and earthenware filters used by Whitehead
at San Francisco.

A little silver is detached from the cathodes
in lifting out and falls to the bottom of the tanks.

The anodes are enclosed in cotton bags to pre-

vent any small particles of gold from being

-carried over to the cathodes mechanically
;

also

in case the anode should break, which sometimes
happens, the bag prevents the broken pieces from
falling to the bottom of the tank.

When separation is complete the gold is left

in the original shape of the anode, and is of a S®- ^99 and 200.—Egu-thon-

dark brown colour, which is easily broken with
'

the fingers and is quite spongy. This is packed
'

into a porcelain filter and washed free from silver nitrate with hot water,

allowed to drain, melted without drying, and cast into gold anode plates for

further treatment by the gold chloride process. The fineness of the plates

is 940 in gold, and the remainder silver, with a little copper, lead, etc., and
.any platinum that may have been present in the original gold.

If the passage of the electric current is continued after the anode reaches
'940 fine in gold, the silver almost ceases to dissolve, and bubbles of gas are

evolved at the anode. If the deposit becomes at all soft and mushy the

electrolyte requires more silver nitrate, and if it does not adhere to the

cathode more nitric acid is required. Hacks placed above the tanks are

low ei’cd at night, and the cathodes taken out and hung on them to prevent
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the silver from dissolving and taking up the free acid. The refinery does not

work at night.

The anodes are taken out just before the bubbles of gas begin to be

evolved, which occurs after about 95 hours
;
the men handling the cells

bcome very expert in judging when the process is finished.

The cathodes are used until they become too heavy, when they are melted

with the crystalline silver and cast into ingots. The cotton bags are used

about twice. The electrolyte is used until it becomes foul with impurities.

When the specific gravity reaches about 1*320, about half of the solution is

drawn ofi and fresh silver nitrate and water added. The foul solution, which

contains from 3 to 6 per cent, silver and a large amount of copper, etc., is

run into another tank and nearly all the silver is electro-deposited, iron

anodes and silver cathodes being used. There is still a little silver left in

solution, which is precipitated with salt solution and the copper is then

electro-deposited or recovered with scrap iron, if of sufficient value.

All the washings from the fine silver, etc., are run into a large tank and
precipitated with salt solution, and the silver chloride reduced to grey silver

with iron plates and a little acid, washed, dried and melted.

The wash-water from the grey silver is run into a wooden tank containing

iron plates and allowed to stand for several days before being run down the

drain. This tank is cleaned out once a year, and the mud dried and melted..

The resultant metal is found to contain about 1 per cent, silver and the rest

chiefly copper.

The disadvantage of the process is the length of time for treatment.

The average gold received assays between 750 and 800 in fineness. Quite

an appreciable amount of gold as received contains 30 per cent, or more of

base metal. This material cannot be treated by the silver nitrate process,

except a little at a time, and it causes the electrolyte in the silver cells tO'

become foul very quickly. It would be better to treat it by tlie chlorine

process (especiall}^ if it is preceded by treatment with oxygen, see p. 421i).

The chlorine process was to be used instead of the silver niDute ]) recess after

April, 1915.

10. Electrolysis in Gold Chloride Solution.—In this process a solution of

gold chloiide containing hydrochloric acid is su])jecte(,l to electrolysis. The
anode consists of impure gold. Gold and most other metals are dissolved at

the anode, and nearly pure gold is deposited at the catliocie, wliich usually

consists of a thin sheet of pure gold.

The process was described in 1863 by Charles Watt, of Sydney, in a com-
munication addressed to the Master of tlie Mint, Jjonclon, and now in the
Mint Library.^ Watt used a solution to which he added “from one-fourth,

to one-fifth its bulk of hydrochloric acid.” This he “ carefully added ”

until bubbles of chlorine ceased to be evolved fro.m the anode. He does not
mention the lieating of the solution nor the addition, of cliloride of gold.

The original solution was to contain 0*5 o/. of gold per pint, or 27 graiumes
per litre. The voltage used was 1*7, and anodes incli thick were dissolved

in 24 hours. This would correspond to a current density of about 330 amperes
per square metre. The silver chloride was brushed from the anodes if

necessary. The process had the approval of Geo. Gore, but was not adopted
at the Sydney Mint, on the ground that no parting process was necessary
there. The Miller process was afterwards introduced at Sydney in 1869.

^ T, K. Rose, Pres. AMvqha to the Jud. Mn{i, anil Met.^ March, 1915.
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Watt also described in 1863 the electrolytic parting of gold-silver alloys,

“ containing not less than three parts of silver to one part of gold,” in nitric

acid solution. Watt was negotiating “ for the introduction of his processes

in Europe.”

In 1874 E. Wohlwill began experiments in Hamburg with the object of

separating gold from platinum.^ The gold chloride process bearing his name
has been in use at the Norddeutsche Affinerie, Hamburg, since 1878, and in

1881 the products were shown at the Electrical Exposition at Paris. The
process was introduced at the Deutsche Gold-und-Silber Scheideanstalt,

Frankfurt, in 1896, and later at Freiberg-Halsbriicke, in Saxony, and at

the Imperial Mint at Petrograd. An identical process worked out inde-

pendently was adopted at the Philadelphia Mint in 1902, and has since been

brought into use at the Denver, San Francisco, New York, and Ottawa Mints,

and also as an adjunct of the sulphuric acid process at the London refineries.

It was introduced at the Imperial Mints in Austria-Hungary in 1912 for the

purpose of refining platiniferous gold.

In the course of WohlwilFs investigations the following results were

obtained :— ^

(1) In a solution of auric chloride or of hydrogen aurichloride, HAUCI4,

gold, w^hen used as an anode, behaves like platinum or carbon. No gold

is dissolved, but chlorine is given ofi at the anode.

(2) If, however, hydrochloric acid (even as little as 0*4 gramme per litre)

is added, gold is dissolved from the anode under the action of the electric

current, and no chlorine is evolved, except as noted below. The cliiorides

of the alkalies or of ammonium have the same effect as hydrochloric acid.

(3) There is a maximum current density, above which chlorine is given

off. The maximum is increased by heating the solution or by the addition

of more hydrochloric acid. Below a temperature of 65° the maximum
current, which can be used without causing an evolution of chlorine, falls

oft* rapidly, and is said by Wohlwill to be at 50° to 55°, only half of

that at 65° to 70°.

The amount of hydrochloric acid required depends on the temperature

and on the density of the electric current. At Hamburg from 20 to 50 c.c.

of concentrated hydrochloric acid were added per litre, according to the

density of the current and other conditions. At New York the solution

contains 10 per cent, of free hydrochloric acid.

(4) Gold is dissolved at the anode with the formation of HAuClt and

HAuClg. On the assumption that only trivalent gold is formed and exists

in the solution, 2*45 grammes of gold should be dissolved and deposited

per ampere-hour, but with monovalent gold the amount should be 7*35

grammes. WohlwilFs experiments, and the results obtained in worlving

on a large scale, show that from 2 ‘5 to 3 grammes per ampm*e-hoiu‘ are

usually deposited, and that the loss at the anode is greater than the

amount deposited. It is, therefore, clear that a mixture of trivalent and

monovalent gold exists in the solution.

Part of the anodic loss is accounted for by the separation of fine particles

of gold, which are found for the most part in the silver chloride mud, into

which the silver alloyed with the gold of the anode is converted. In ordinary

^ Wohlwill, 'Kl(rlrov]u‘mtcal a)ul ftuJuKtry^ 1004, 2, 221.
2 Wohlwill, Klcctrockvinicdl and Metallurgical Ind iidrif, ldQ4, 2, 221 and 2<)1

;
Zeit^^ch.

ZfrHroeheiu., 180.S, 4 , 270, 402, 421
;

./. dhem. Xoc., ISOO, 76, [ii.J, lOo.
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\vorking with the direct current, the particles of gold in the mud are equal

to about one-tenth of the amount of gold deposited on the cathode. They
are not merely mechanically detached from the anode, but are due to the

formation of aurous chloride at its smTace, which subsequently decomposes

into metallic gold and auric chloride. Thus

—

3AuCl = 2Au H- AuCla

3HAuCla = 2Au + 2HG1 + HAuCl^.

In support of this view, Wohlwill has shown that the particles are much
purer than the anode itself, that aurous chloride can be detected in the

solution, and that under certain conditions minute crystals of gold separate

out in all parts of the solution.

A series of experiments, with varying anodic current densities, made by
Wohlwill, show that the formation of monovalent gold ions diminishes as

the current density increases. In experiments with very sinall current

densities, the non-electrolytic dissolution of gold in the hot acid solution

of HAUCI4 (with formation of HAUCI2) must be allowed for. The equation

is as follows—
HAUCI4 4- 2Au + 2HC1 = 3HAuCl2.

This appears to be reversible, a sheet of gold losing weight when the

temperature is raised and gaining it when it is lowered again. After

allowing for this chemical attack, a current density of 1 ampere per square

metre was found to correspond to a cathode deposit of 4*33 grammes and
an anode loss of 6 *01 grammes per ampke-hour. It is evident in this case

that 72-9 per cent, of the gold had dissolved in the aurous state, but that

only 38*6 per cent, of the -deposited gold was from solution in the aurous

state. This difference corresponds to a large amount of gold thrown down
in the anode mud.

With 1,500 ampCTes per square metre, 2*48 grammes of gold per ampere-
hour were deposited (as against 2*45 grammes, if pure IIAUCI4 had been
present), and in two experiments the losses and gains at the anode and cathode
were nearly equal, thus :•

—

Loss at Anode. (»ain at Cathode.

(1) .... 105*2 104*5

(2) .... 107*7 105*0

Here, therefore, trivalent gold was present almost exclusively. Such results

are obtained only wdien the liquid is well stirred.

The existence of AuCl^ ions in the solutions may l)c regarded as

proved, one piece of evidence in support of this being the reddish-yellow

unstable precipitates of AgAuCl.^ which are formed on adding silver nitrate.

The ions of HAUCI4 are and AUCI4”. On electrolysis hydrogen is re-

leased at the cathode, but is not evolved. It displaces gold in the compounds
HAUCI2 and HAUCI4, so that the gold is precipitated and hydrochloric acid

formed. At the anode the ions AUCI2 and AUOI4 are released and the
nascent chlorine formed by the decomposition of these ions combines
with the gold at the anode. Owing to the cathode deposition and the
migration of the ions containing gold away from the cathode, the
impoverishment in gold of the electrolyte near the cathode is very rapid,

and it is necessary to stir the solution. It is probable that practically no
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part of the deposition is due to the electrolysis of AuCls, dissociated into*

its ions Au’*" and CI3"; the number of Au ions in existence at any one
time, must be inappreciable.

As the presence of monovalent gold causes its deposition in the anode
sludge, it is desirable to avoid the formation of such gold, and to favour

the dissolution of trivalent gold. This is a strong point in favour of using

a high current density, but the need for rapid dissolution and reprecipitation

of the gold in order to reduce the charges for interest on the value of the

gold in the refinery is an even more cogent reason.

The influence exerted by the comfosition of the anode h of great importance.

Silver is converted into chloride, but is not dissolved, except in small quantities,

and remains adhering to the anode, reducing its effective surface and con-

sequently increasing the anode current density and tending to cause chlorine

to be given off. It has been found in practice with an electrolyte con-

taining 5 per cent, of hydrochloric acid, and with the direct current used
alone, that when the proportion of silver in the material to be refined exceeds

6 per cent., it is necessary periodically to brush off the deposit of silver chloride

adhering to the anodes, in order to avoid the evolution of gaseous chlorine.

With the pulsating current (see below, p. 479), this necessity is greatly

modified, and gold with 15 to 17 per cent, silver can be refined. Lead
and bismuth have to be reckoned as silver in respect of these proportions.

The dissolved silver is in part precipitated with the gold on the cathode,

and particles of silver chloride floating in the solution also adhere to the

cathode and reduce the fineness of the gold. R. Pearson ^ obtained a gold

deposit only 996-8 fine, and containing in addition 2-5 per 1,000 of silver in

some experimental work.

Pure 'platinum is not dissolved if it forms the anode, but platinum alloyed

with gold is dissolved, and is not reprecipitated with the gold on the

anode. According to Wohlwill it accumulates in the solution until it reaches

a concentration of 4 or 5 per cent, (or about double that of the gold), above
which it should not be allowed to rise. This statement must refer to work
in a hot bath. The author has found ^ that in a cold solution containing

2 per cent, of platinum and 5 per cent, of gold, some platinum is deposited

with the gold, but if the solution is heated no platinum is deposited. In

America small amounts of platinum are recovered from the solution, but
the amount, if any, electro-deposited with the gold is unknown. R. Pearson ^

found some cathodic gold to contain a distinct trace of platinum, but does

not give the analysis of the electrolyte.

In the year 1911-12 gold equivalent to 6,313,845 standard ozs., 900 fine,

or 5,682,461 fine ozs., were treated in the refineries at San Francisco, Denver
and New York. An amount of 362-25 ozs. of platinum sponge or 0-06 per

1,000 was recovered, and in addition 27-77 ozs. of palladium and 1-18 ozs.

of osmiridium.'^ The amounts recovered are very variable, and, according

to D. K. Tuttle,^ are derived only from dental and jewellers’ scrap. Entwistle

finds ® that about 10 ozs. of platinum are recovered per 100,000 ozs. of the

gold refined at Ottawa, which is received in about equal quantities from
Porcupine and the Yukon.

^ Forty‘fourth Annual Report of the Mint, 1^13, p. 182.
2 T. K. Rose, Pres. Address, Imt. Mng. and Met., Mar. 18, 1015.
® Pearson, loo cit

Re2)ort of the Director of the U.R. Mint, 1012, p. 17.
^ Ibid., 1903, p. ()3. ® Private communication, 1014.
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Palladium goes into solution with the platinum, but is not allowed to

reach a concentration of more than 0*5 per cent, in order to avoid reprecipi-

tation. Iridium and osmiridium do not dissolve but accumulate in the anode

sludge. Lead dissolves in the solution, but the saturation point is soon

reached and PbCl2 crystallises out on the walls of the vat and on the cathodes,

making the gold impure. The remedy is to add sulphuric acid to the electro-

lyte in amount equal (equivalent) to that of the hydrochloric acid. Lead
sulphate is precipitated and settles to the bottom. Co'pfer and other metals

accumulate in the solution, but do not interfere with the purity of the deposited

gold until they are highly concentrated; copper is said by Dr. Wohlwill to

dissolve entirely as divalent ions. When the electrolyte becomes foul, owing

to an accumulation of copper or other impurities, it is drawn off, and the

copper and other metals are precipitated and recovered. The electrolyte

is renewed most conveniently by withdrawing a part of it each day and making
good the deficiency with a solution of pure gold chloride.

Composition of the Electrolyte.—Tn the course of investigations made by
the author,^ the following results were obtained

(1) When the amount of free hydrochloric acid in the bath is raised to

about 30 per cent., a current of 5,000 amperes |)er square metre of anode

smface can be used, without causing the evolution of chlorine. Anodes of

f inch thickness are dissolved in about seven liours.

(2) Under these conditions the amount of gold passing into the anode
mud is less than OT |)er cent, of the anioimt dissolved.

(3) A further result is that the proportion of silver in the anode is of little

importance, as the silver chloride flakes oiT under the action of the heavy
current, and the pulsating current descri})ed l)elow (p. 471)) is unnecessary.

Anodes containing 20 per cent, of silver* ai*e readily treated.

(4) The formation of a satisfactory deposit of gold at the cathode depends

on the proportion of gold in solution as chloride and on the temperature.

If the current density is not too great, the deposit of gold is yellow and
coherent. If the density exceeds a certain .maximum, the deposit is dark,

coloured and pulverulent. With 3 per cent, of gold i.n solution, a current

of 300 amp^es per square metre is too great at 20*' 0-, and a blade or dark

brown powdery deposit is formed. With 8 per cent, of gold in solution,

a current of 4-00 ampd’es at 20^^ gives a coherent sheet of gold. With 20 pei-

cent, of gold in solution, a yellow coliercnt sheet is formc<j at 25'"' with 1 ,500

ampk’es per square metre, and an almost equally gootl deposit a,t ()2'^ with

5,000 ampkes per square metre. TJiis deposit is about 008 li ne and of perfect

quality, as regards its malleability after being melteti, even when the anodes

are very.impure

—

e.cj., gold 780, silver 195, copper 25.

In practice it is preferred that the gold should be dc|)Osited on the cathode
in the form of coarse crystalline particles, which are easily detached, l)ut are

sufficiently adherent to permit of thorough washing without loss. The
crystals are not usually detached from the plate, but are .molted with. it.

Silver plates coated with graphite could, however, Ijc used as cathodes.

No trouble is encountered from the formation of dendritic deposits, so that

the electrodes may be placed near together. An increase in the coiujcniiratiou

of the electrolyte gives a more closely adherent deposit. Tlie presence of

platinum in the electrolyte is also said to improve the density of the gold
deposit,^ but palladium has the opposite effect.

^ T. K. Rose, to<;. clt. 2 J. B. C. Kershaw, Mcctncian, Jtiiie 3, 1S08, 187.
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The ,deposited gold is of a high degree of purity, and it has been suggested

that the process offers a cheap and ready method of preparing proof gold,

1,000 fine, for use in bullion assaying. The deposited gold is usually from
999*5 to 999*9 fine, and is seldom of less fineness than 999 ;

it is almost

always tough.

The electrolyte gradually becomes weaker in gold chloride, owing to the

impurities in the anode, even if no evolution of chlorine at the anode is

allowed to take place. It is, therefore, necessary to add gold chloride to the

bath. This was prepared in Germany by dissolving gold in aqua regia, but
the electrolytic method worked out by R. L. Whitehead ^ is now used in the

United States mints. The process consists in passing an electric current

through a solution of strong hydrochloric acid with anodes of gold 990 fine,

and cathodes of rolled sheet gold suspended in a porous cup or cell. A
strong current is used, “ 200 amperes at 5 volts,’’ and much heat is gener-

ated. R. Pearson ^ uses only 17 to 20 amperes per square foot at 2*4 volts.

Acid is added occasionally to compensate for loss by evaporation, and for

the conversion of HCl and Au into HAuCi4 . At San Francisco five por-

celain tanks are used for the process, each 24 inches by 15 inches and 15 inches

deep, under an acid-proof hood. The capacity is 2,000 ozs. of fine gold per

day. It is obvious that stirring is unnecessary, and that as the ions, AuCl^,

migrate away from the cathodes, there will be little or no tendency for gold

to appear inside the porous cups and to be precipitated on the cathodes.

The amount of gold chloride solution to be added to the electrolyte

depends on the composition of the anodes. Thus, Wohlwill calculates^

that if the anode gold contains 15 per cent, of silver, then 11*5 kilogrammes
of the alloy must be dissolved chemically for every 100 kilogrammes deposited

electrically, or about 10 per cent. If the composition of the material to be
refined is gold 83, silver 15, copper 2, then 14*5 per cent, of the alloy must be
dissolved chemically. If the composition is gold 90, copper 10, then 20 per

cent, of the alloy must be dissolved chemically.

The introduction of the pulsating current in 1908 ^ marks a distinct advance
in the electrolytic refining process. The following account is based on the

claims of the inventor
;
as will be seen later, these claims are in great part

substantiated in practice. The pulsating or asymmetrical current is best

obtained by connecting a direct-current dynamo in series with an alternating-

current dynamo. If the maximum voltage of the alternating current is less

than that of the direct current, the combined cmrent will always have the

same direction, but will change in density periodically from a maximum to a

minimum. Such a current is said to produce some good effect in electrolytic

gold refining, but it is better to use an alternator with a higher maximum
voltage than that of the direct-current dynamo. In this case the combined
current will be an alternating one symmetrical with respect to the voltage

curve of the direct-current dynamo. The voltage curves are shown diagram-

matically in Fig. 201. The straight line is the voltage curve of the direct-

current dynamo
;
the curve is the voltage curve of the alternating-current

dynamo. The curve E is the resulting voltage of the combined current. It

is symmetrical with respect to the straight line e^l,

^ Whitehead, J£lectroGhemical mid Metallurgical Ltidastry, Sejjt. 1908, p. 357.
2 Private comimanication to the author.
3 Wohlwill, loc cit, 1904, 2, 261.
^ German Patent, No. 207,555, Sei>t. 22, 1908

;
Mnglish Patent, No. 6276, Mar. 10,

1909; Met. and Gheni. Png., Feb. 1910, p. 82.



480 THE METALLUKGY OF GOLD.

The total gold deposited on the cathode can be found from Faraday’s,

law, on the supposition that only the direct current is passing, as the electro-

lytic action caused by the alternating current is nil. A direct-current ammeter
(which does not indicate the alternating cm’rent) indicates the desired direct

current in amperes. The Joulean heat efect of the current is, however,

given both by an alternating and a direct current, and, therefore, a hot-wire

ammeter will indicate the total effective value (or virtual intensity) I p of the

pulsating current, according to the formula I p = ^/(I + (I af, where I d is.

the strength of the direct current and la the effective value of the alternating

current, both measured in amperes. For instance, if the strength of the direct

current is to be equal to the strength of the alternating current—e.^., 200

ampkes—the hot-wire ammeter must indicate VSOjOOO, or 283 amp^es.
It is obvious that the strength of the alternating current in use can be calcu-

lated from the measurements of the direct-current and hot-wire ammeters.

According to Wohlwill,^ the best ratio of the strength of the alternating

current to that of the direct current is not more than 1-1 to 1 if the anodes

contain 10 per cent, of silver. As the dynamos are connected in series, the
armature of each dynamo must be designed to withstand the maximum
heating effect of the total combined current.

The total voltage, from which the power consumption is calculated,.

is indicated by a hot-wire voltmeter.

The degree of voltage depends on
the strength of the total current.

If, for instance, with anodes con-

taining 10 per cent, of silver, a
direct - current density of 1,250

amperes per square metre is used,

and an effective density of the
alternating current component of

1,375 amperes (in practice less than
these amounts are used), then the

hot-wire ammeter will indicate a total current density of Vl,250- -|- 1,375^

or 1,858 amperes to the square metre. In this case the voltage per cell of

the direct-current will be 1*1, the total voltage indicated by the hot-wire

instrument 1*4, whence the effective voltage Ea of the alternating current

will be calculated as follows :

—

= 0 -86 .

This is the mean effective voltage of the alternating current. Actually the-

voffage of the alternating current varies from a positive value of 1’2 {i.e.,

V2 X 0*86) to a negative value of 1*2, and the voltage of the pulsating

current (E, Fig. 201) from a positive value or maximum of 2*3 to a negative-

value of 0*1.

If the strength (i.e., effective value) of the alternating current becomes-

less than 0*707 ?.e., of that of the direct current, its maximum strength

will fall below the strength of the direct current, and the combined current

will cease to be, an alternating current, and will become a mere undulatory

^ Wohlwill, loc. cit.
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direct current of periodically varying strength, in wHch case the peculiar

advantages of the combined current are lost.

These peculiar advantages are briefly that a stronger direct current

can be used without causing an evolution of chlorine at the anode, that the

proportion of silver in the anodes may be as much as 15 per cent, or even
more, without the necessity arising of scraping the anodes, and that less gold

accumulates in the anode mud. When an alternating current is passed through
the bath in addition to the direct current, the electric tension of the bath,

as indicated on a direct-current voltmeter, falls, and the greater the strength

of the alternating current, the greater the reduction in the voltage between
the terminals of the refining cell. This may be visualised as a reduction in

the resistance of the bath due to depolarisation at the electrodes. Within
the usual limits of frequency (that is, for frequencies below 50 periods per

second) the value of the frequency has practically no eflect on the results.

When the pulsating current is increased beyond a certain limit of density,

a slight evolution of oxygen is produced at the anode, occasioning an un~

important loss of current (and so increasing the necessary addition of gold

chloride to the bath),. and giving the advantage that the falling ofl of the

chloride of silver from the anode is facilitated. When the current density

is materially increased beyond this limit, the development of oxygen becomes
greater and the loss of current becomes material. The detacliment of gas

from the anodes in amounts of more than single small bubbles is a sign that

loss of current is occurring and that the direct current must be reduced or

the alternating current increased.

As an example, if gold bullion containing 10 per cent, of silver is refined

by means of the direct current only, an anodic cmrent density of not more
than 750 amperes per square metre must be used, and the silver chloride

must be scraped ofi the anode every 45 minutes. If an alternating current

is used the strength of which is about IT times that of the direct current,

a direct current of 1,250 amperes per square metre of anode can be used,

without scraping the anodes {cf. practice at New York, p. 487). Gold con-

taining 20 per cent, of silver can be refined by using an asymmetrical current,

the strength of the alternating component of which is to that of the direct

cuirent component as 1*7 to 1 with a direct-current density of 1,200 amperes
to the Square metre (about 700 amperes are used iii practice).

The amount of gold passing into the anode mud is diminished by the

use of the pulsating current. According to Wohlwill, with the pulsating

current, minute particles of gold form in the slime only at the beginning of

treatment, when the anode has not yet been covered with silver chloride.

At the end of the operation, when the anode finally breaks up, small pieces

of gold are mechanically detached. Between these periods the accumulating

slime consists almost entirely of chloride of silver. The result is that the

pulsating cmTent is an advantage even if the anodes contain very little silver.

By the use of the pulsating current the amount of hydrochloric acid in

the bath can be reduced from about 3 per cent. HCl (or, say, 6 or 7 per cent,

of acid of sp. gr. 1T9) to a quarter of that amount if the solution is heated

to 65°, and the direct-current density is about 1,000 amperes to the square

metre. In practice in the United States, the solution is not heated, and about

10 per cent, of commercial hydrochloric acid is added to the bath, with a

current density of about 700 amperes per square metre.

Practice, in Germany .—The Wohlwill process, as originally used in Ger-

many before the introduction of the pulsating cuiTent, may be described



482 THE METALLURGY OF GOLD.

as follows :—The anode consists of impure gold, 4 mm. thick, and the electro-

lyte is a solution of gold chloride, containing 25 to 30 grammes of gold per

litre, and from 60 to 70 c.c. of concentrated hydrochloric acid per litre. The
liquid is kept at a temperature of from 60^^ to 70"^ C. The cathode consists

of pure sheet gold, and the current density is from 400 to 500 amp^es per

square metre. Gold chloride is added from time to time. The anode is

stated to be reduced to one-tenth of its thickness in 24 hours, and is then

melted down and recast. The electrodes are 3 cm. apart.

With these conditions about 80 per cent, of the gold in the anode is

deposited on the cathodes, about 10 per cent, is in the anode mud, and
the remaining 10 per cent, is left in the anodes.

The consumption of acid is about 2 per cent, of that which would be
required to dissolve gold in the ordinary chemical way. There are practically

no fumes, and the cost of electricity in Hamburg is about three pfennige,

or one penny per kilogramme of gold.

The platinum is accumulated in solution until it amounts to 50 or 60

grammes per litre, or twice as much as the gold in solution, and is then pre-

cipitated with ammonium chloride. In the year previous to May, 1900,

the Hamburg refinery treated 2,000 kilogrammes of gold from all parts of

the world and accumulated 1|- kilogrammes of platinum, which was worth
four times the cost of refining the gold. Iridium is also completely

separated from the gold. The costs at Hamburg, exclusive of superin-

tendence and general expenses, are Is. to Is. 6d. per kilogramme (32 ozs.)

of fine gold, when working fine mud from the Moebius process, and 2s.

to 2s. 6d. per kilogramme of argentiferous gold. The cost of a plant for

refining gold to the value of £10,000 per day is said to be about £1,000 in

Hamburg, including £60 for a dynamo giving 150 amperes at 15 volts,

and £250 for a gas engine giving 5 H.F. The space required is about 150
square metres.

Before 1912, all platiniferous gold was sent from the Austrian mints

to Frankfort to be refined. The recovery of platinum in 1910-11 was as

follows :—

^

Year. (iold Refined. Platinum Recovered.

1910, • . , . 350*526 kg. 1*703 kg.

1911, .... 1248*173 kg. 9*418 kg.

Practice in America ,—The process was introduced at the Philadel/phia

Mint in 1902,^ owing to the falling ofi in the amount of dore silver received.

It was, however, worked out independently at Philadelphia, and Wohlwill’s

patents and practice in Germany were not heard of until after all prej:)arations

had been made to use the process in America. Seven cells of white porcelain,

each 15 inches long, 11 inches wide, and 8 inches deep, are used, filled with
a gold solution containing 30 grammes of gold to the litre, to which is added
sufficient free hydi'ochloric acid to suppress the evolution of chlorine at tlie

anodes when the cell is in action. In each cell are 12 anodes in parallel,

each 6 inches long, 3 inches wide, and inch thick, and 13 cathodes of fine

gold of the same length and width rolled out to 0*01 inch thick. The distance

between the cathodes and the anodes is 1-J inches. Circulation of the electro-

lyte by mechanical means is necessary to secure uniform solution of the

^ Mint Report, Vienna, 1912.
^ Tuttle, Meport of the Director oj U.H Minti 1902, p. 121 ; 1905, j). 01.
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anodes and deposition of tke gold. The anodes are dissolved in about three
days. Copper, platinum, lead, etc., remain in the electrolyte. The silver

is converted into chloride, and if too much is present it adheres to the anode,
forming a protective coating which stops the action. The cells are heated
to from 50° to 55° on a bed of sand by means of steam pipes. The seven
cells are in series with the dynamo and 100 amperes are used, the difference
of potential between the terminals being from 4|- to 5 volts. One attendant
with the occasional help of a second is said to be enough to manage the work.
About 5,000 ozs. per week are refined with the expenditure of one horse-
power.

It is evident from this account that the current density is somewhat less

than 33 amperes per square foot of anode, or about 350 amperes per square
metre.

^

No alternating current is used. The gold anodes must, from their
dimensions, weigh about 6,000 or 7,000 ozs. when new, so that the time
of treatment is not less than a week. The cost for acid (20 cents per 1,000 ozs.

of deposited gold) and power is trifling, but the labour costs are not incon-
siderable, and the length of treatment somewhat great.

The refinery at Philadelphia was closed in 1912, and the work transferred
to the Assay Office at New York, where the pulsating current is used.

The gold chloride process, as practised in 1906 at the Denver Mint, was as
follows :

—
^ Gold as low as 800 fine is melted with high-grade gold 990 fine

or over to make anodes 940 or 950 fine, the balance being silver and base
metals. Most of the anodic gold is from slime from the silver cells (see

above, p, 468). If the proportion of silver is over 5 per cent., the silver

chloride adheres to the anode and increases the voltage by 25 per cent. If

2 per cent, of copper is also present, the scales of AgCl are detached and in
part are thrown against the cathode by the agitation of the electrolyte. They
adhere and reduce the deposited gold from 999*9 to 999*5 fine. The electro-

lyte contains 5 or 6 per cent, of gold as chloride and 5 to 10 per cent, free
HCl. The anodes are suspended by means of pure gold strip hangers or
hooks from porcelain rods covered with strips of pure gold. There are 14
tanks of Berlin porcelain, each 13| inches by 18 inches and 12 inches deep.
The anodes are 8 inches by 3|- inches. After deposition is complete the
cathodes are washed in Berlin porcelain filters, mounted on trucks which
are brought close to the tanks, and then raised by an elevator to the filtering

platform, after which they are dried all night in a steam drying oven before
being melted.

The pulsating current is not used, and the average current density is

not given, but 60 amperes per square foot of cathode has been attained.
The anodes dissolve in about 36 hours. The temperature of the bath is not
given, but the tanks are heated on a sand bath. The electrolyte is circulated
by glass propellers in each cell, and difficulties arise on account of differences
in the electrolyte in different cells.

The anode mud is boiled in concentrated sulphuric acid, by which the
silver chloride (AgCl) is converted into silver sulphate (AggSO^) and dis-

solved. The residual gold is melted down for anodes.
The gold in the foul solution is thrown down with ferrous sulphate and

ferrous chloride, and filtered off, after which the copper and platinum are
precipitated by scrap iron. The clear solution of FeS04 and FeClg is then
concentrated by evaporation and used to precipitate the gold as above.

1 Whitehead, Report of the Director of U,S. Mint, 1906, p. 57.
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The cement copper is melted into anodes and treated electrolytically, yielding

an anode mud containing platinum, silver and gold. The plant is capable

of refining 100,000 ozs. of gold per week, but is seldom run at its full capacity.

In March, 1913, the pulsating current was installed at the Denver Mint,

replacing the old direct-current system.^ In the new system a direct-current

voltage of 1*2 per cell and an alternating-cmTent voltage (maximum) of

1*8 per cell are used. The current density is 65 ampkes per square foot,

or 700 ampkes per square metre. The electrolyte now contains only from

4 to 7 per cent, of hydrochloric acid
;
the temperature is 65° 0.

Great benefits have resulted from the change, the chief one being that

the anodes may now be as low as 800 fine in gold, whereas formerly the lowest

permissible fineness was 900. The result is that much gold bullion can be

treated direct in the gold cells which formerly passed through the silver

cells first. Half the silver cells have accordingly been thrown out of use.

For the five months before the change 0*038 lb. of hydrochloric acid and
0*038 lb. of nitric acid were used per oz. of fine gold produced. After the

change the amounts were 0*058 lb. of hydrochloric acid and 0*004 lb. of

nitric acid per oz. of fine gold. The finely divided and
scrap gold in the slime fell from 17*19 per cent, of the

fine gold produced to 11*37 per cent. The ‘‘cost of

operating the refinery’' fell from 3*2 cents per oz. of

fine gold to 2*0 cents, and the capital cost of the

change was paid for in six weeks. The average fine-

ness of the refined gold under each system was 999‘5.

The average monthly output of the refinery was in-

creased from 146,000 ozs. to 224,000 ozs., and the time

of treatment reduced.

The following description of the process as practised

at the Ottawa Mint in 1913 is given by A. L. Ent-

wistle,^ who is in charge of the operations. The
pulsating current- is not used at this refinery :

—

“ Gold deposits of 900 fine and over and the dark

brown residue containing 94 per cent, gold from the

silver cells are melted in oil furnaces, and cast into

open iron moulds of the following inside dimensions :

—

6| inches long, 3 inches wide and \ inch thick at the

top, tapering to { inch at the bottom. At the top of

the mould there is a pin which leaves a hole in the plate

produced. The anode is inch thicker at top than bottom, because the metal
dissolves quicker at the top than the bottom, and so the whole anode is

finished at the same time
; the anodes weigli about 90 to 100 ozs. each.

Fig. 202 is a sketch of an anode which is so shaped that only a small
portion is left suspended on the hook when it is dissolved, 'li'he electrolyte

contains about 50 grammes per litre of gold and about 5 per cent, free

hydrochloric acid, and is contained in a white porcelain tank 16| inches
long, Ilf inches wide and 11 inches deep. The cathodes consist of strips

of fine gold 2f inches wide, 10 inches long and —~ inch thick, annealed
to within 2 inches of the top, and are bent over to fit the rod from which
they are suspended.

' Report of the Director of UM. Mint, 191^, p. 41.
2 Private communication, made with the permission of Dr. .James Bonar, Deputy Master

of the Ottawa Mint.

I
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Fig. 20*2.—Anode
Plate.



Fig. 203.—Gold Cells, Ottawa Mint.

connecting to the copper rod, at each end of the bank of cells, in two places,

so that the distribution through the cells is as even as possible. In the centre

of the cell a hard rubber propeller or stirrer revolves at about 350 revolutions

a minute, so that it draws the liquid up. The current is divided between
the 11 anodes, which are arranged in four rows, with a space in the middle

to allow room for the stirrer. There are also 11 cathodes. Fig. 203 is from
a photograph showing four cells set up in series in the above manner. The
leads from the dynamo are connected to the two copper rods above the cells,

one positive, the other negative, running the whole length of the cells. The
cells are shown uncovered, but they are now boxed in. There are 18 cells

set up in series, but 6 cells are generally out of use for cleaning purposes.



486 THE METALLURGY OF GOLD.

The cleaning of a set of 6 ceils is begun about twice a month. These 6 are

cut out of the circuit and the other 6 put in, so that 12 cells are constantly

running. The 10 silver ceils (see above, p. 471) supply just sufficient gold

to keep the 12 gold cells running.
‘‘ The current used is 150 amperes at 12 volts for the 12 cells, and the

current density is about 100 amperes per square foot. (Reckoning both

sides of the anode, it appears to \^ork out at about 50 ampkes per square

foot.) An anode weighing about 70 ozs. is dissolved in about 42 hours (nearly

a week’s work), when the residue or top is taken out and replaced by a new
anode. When new cathodes are put in the cells the current is lowered to

50 to 100 amperes. If the current is kept up to 150 amperes, the first deposit

is soft and mushy, and does not adhere to the cathode, but after two or three

hours at the lower current it is quite hard, and then the current is put up
to 150 amperes again. If the deposit subsequently becomes mushy and
soft, the cell requires the addition of more gold chloride, and if chlorine is

evolved at the anodes more hydrochloric acid is required. About a pint of

gold chloride solution, containing 20 per cent, gold and 10 per cent,

hydrochloric acid, is added to each cell every morning. The evaporation,

due to heating, just allows a pint of chloride solution to be added to keep

the electrolyte up to within 1 inch of the top of the cell.

‘‘ The cathodes are taken out when they are about 60 to 80 ozs. in weight,

placed in a porcelain filter, washed free from gold chloiide, etc., allowed to

drain over night, and melted in plumbago crucibles and cast into iron moulds,

the fineness being 999*3 to 999*5.

The gold in the foul electrolyte and from washing slime, etc., is pre-

cipitated with sulphate of iron, allowed to settle, and the liquid siphoned

ofi and run into an earthenware tank containing iron plates, which brings

down the platinum and copper. After settling, the liquid is again siphoned

of! and run into a big wooden tank containing more iron plates, and after

settling several days is run from this tank into the drain. The residue in

these two tanlrs is cleaned out at the clean-up, run down with carbonate of

soda and borax, and the resultant metal, which consists chiefly of lead,

copper, gold and platinum, is assayed and remelted with lead and silver,

and cupelled in a cupellation furnace capable of holding 10 lbs. in each charge.

The resultant gold, silver and platinum in the button left on the cupel are

parted in sulphuric acid. From 100,000 ozs. of fine gold produced, the

platinum recovered was only 10 ozs.
‘‘ The slimes from the cells are washed free from gold chloride with hot

water and then placed in an earthenware tank, with iron plates at about a

distance of 3 inches apart and acidified with hydrochloric acid. All the silver

chloride is reduced to grey metallic silver in about 72 hours. The iron plates

are removed, the grey silver treated with hydrochloric acid and then washed
free from iron with water, dried and melted, and cast into l,000-oi5. moulds.
These ingots assay about 60 to 70 per cent, gold, and are alloyed with silver,

and go through the silver-parting process again.

The 12 gold cells produce about 4,000 ozs. per week of 44 hours, but
about 600 ozs. of this is cast into bars and rolled out to make new cathodes.

“The gold chloride for the gold cells is made by the electro-chemical

process, using two cells, exactly similar to those described above, filled with
concentrated hydrochloric acid. The anodes (960 fine) and cathodes are of

exactly the same dimensions as in the gold cells. The cathodes are suspended
in porous jars, 10 inches deep, 12 inches long, and If inches wide, the jars
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being filled with hydrochloric acid. There are two jars in each cell, and each
contains four cathodes. The gold dissolves at the anode, and is prevented
from being deposited on the cathode by the porous jar. The cells are con-

nected up in series, the current used for the two cells being 60 amperes at

6 volts, generated by a 1 H.P. motor-generator. After 48 hours the solution

contains about 20 per cent, gold and 10 per cent, free acid. These two cells

easily supply sufficient gold chloride for the 12 gold cells.’’

R. Pearson, the Assayer at the Ottawa Mint, in experimenting on the

electrolytic production of gold chloride from impure anodes,^ used bulhon
assaying gold 922, silver 66, and base metals, chiefly lead, 12 parts per 1,000.

In one experiment with an electrolyte containing' 28 per cent, of crude hydro-
chloric acid, he passed through a ceil an average current of 83-4 amperes at

241 volts, or 17*0 ampkes per square foot of anode immersed. The results

were as follows :

—

Time of Treatment. Gold in Solution per Litre.

7 hours.

15

23

30

34

j)

j)

jj

6846 grammes.
. 13948
. 203-00

. 263-89

. 305-46

Chlorine then began to be evolved, and the experiment was stopped. The
cost per oz. of gold dissolved was 0-95 cent for acid and power, and 2-19

grammes of gold per ampere-hour were dissolved. Other experiments had
similar results.

Pearson also found little difference in results between hot and cold

cells with the direct current in the ordinary refining process. He obtained

good results in each case with a current density of 14-6 ampkes per square

foot of anode (157 amperes per square metre), but inferior results with a

density of 21 amperes per square foot. In the latter case the cathode

gold from the hot cell contained traces of lead and platinum. The anodes

contained from 85-6 to 92-5 per cent, of gold. The current densities used
were rather low.

The latest and best equipped electrolytic gold refinery is that at the

New York Assay Office, which was installed in 1912.^ The silver process

run in conjunction at this refinery has already been described on p. 469.

The pulsating current is produced from a combination machine, consisting

of a driving motor, a direct-current dynamo, a single-phase alternating-

current dynamo and a 110-volt exciter. The latter excites the fields of both

the alternator and the direct-current machine, but with a hand rheostat

in series with each, thus allowing a relative adjustment of voltage. The
fields of the exciter itself are excited by an outside source through an adjust-

able rheostat. This arrangement gives the necessary large range of adjust-

ments to suit every condition that might arise. The claims made for the

pulsating current have been in great part substantiated in practice. Anodes
containing gold 910, silver 70, base metals 20 are treated without heating

the electrolyte with an effective current density of 70 ampcu'es per square

Forty-fourtk Annual Reim't of the Mint, 1913, p. 181, and private communication to

the author.
2 B. P. Wirth, Report of the Director of U,S. Mint, 1912, p. 50.
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foot, or 750 amperes per square metre, and the amount of finely divided

gold in the slime is small.

There are four sets of 12 cells each, placed on two soapstone-topped

tables. Each cell is 19 inches by 15 inches and 12 inches deep, and is made
of royal Berlin porcelain. The anodes are shaped as at Ottawa and are

8 inches long, 3 inches wide and | inch thick, weighing about 75 ozs.

The electrical connections are similar to those at Ottawa, but the anodes

are hung from the silver-covered rods by gold hooks, which do not dip into

the electrolyte. The silver strips replace gold strips which ^re used at the

older refineries. The relative advantages are not stated. At the Ottawa
Mint (see above, p. 485), according to A. L. Entwistle,^ silver strips and
hooks were substituted experimentally for gold. They were as efficient

as gold at the beginning, but after being in use for a short time they became
covered with a thin coating of silver chloride and the resistance rose. With
silver strips and hooks a cell required 1*5 volts at 150 amperes, as against

1 volt at 150 amperes with gold strips and hooks. The cost of the extra

power is probably less than the interest on the gold, and the formation of

silver chloride on the silver hooks can be prevented for a time by gold-

plating them, but cleaning the silver strips would be too expensive. The
weight of gold in strips and hooks for one cell is about 26 ozs.

At New York the electrolyte consists of a 10 per cent, solution of free

hydrochloric acid containing 30 grammes of gold as chloride per litre. The
liquid is circulated as at Ottawa by means of hard rubber propellers driven

by a motor, and the cascade system previously introduced at San Francisco

by R. L. Whitehead is not in use. The trougli or cascade system has

the advantage that the electrolyte remains uniform in composition, and
that gold chloride can be added when required in one operation for all the

tanks, and similarly fou] solution can be drawn off conveniently. Also the

necessary number of assays of the solution is much. l(‘ss wlum the cascade

method is used. For a description of the trough system, see above, p. ‘169.

It is to 'be introduced at New York.

At San Francisco the anodes are | inch apart, and require 1 volt per cell

to maintain a current of 450 ampkes. This gives a current density of 105

amperes per square foot of cathode surface, and an output of gold pei* 24 hours

per tank of 650 to 675 ozs. The best run for one week with 20 tanks in circuit

was 13,500 ozs. per day.^

At New York the platinum is precipitated from the foul solution by
sal-ammoniac as platinum-ammonium chloride, which is carefully washed,
and on heating yields spongy platinum. Falladium is also recovered by a

chemical process.

The anode slime, which consists chiefly of silver chloride and finely divided

gold, is washed thoroughly, the chloride reduced to metallic silver by zinc,

and the whole melted and cast into anodes for the silver cells.

Relative Advantages of the Electrolytic and Stdphuna Acid Methods of

Refining Gold.—The electrolytic method avoids acid fumes and yields a pure
product always free from elements which cause brittleness. The refined

gold is invariably tough, and is well fitted for use in coinage or for tlie manu-
facture of wares. Gold from the sulphuiic acid process sometimes contains

^ Private comxKunication, dated Jan. 7, 1914.
^ Whitehead, Mectroaham'. and Met. Ind., Sept. 1908, p. 35G.
^ E. B. .Durham, Tram. Amei\ Jmt. Mng, Ting., 1911, 42, 874.
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lead and probably tellurium, and less reliance can be placed on its quality

n,nd fitness for use in coinage. Tbe cost of supplies, labour and power is

two or tkree cents per oz. of gold for tbe electrolytic process in tbe United
States mints, as against six or eight cents for tbe sulpbmic acid process in tbe

:same establishments. Moreover, tbe value of tbe platinum and palladium

recovered in tbe electrolytic process is considerable (say 0*5 cent per oz. of

gold), whilst in tbe sulphuric acid process these metals are not recovered.

‘On tbe other band, in the sulphuric acid process, tbe gold is quickly brought
to account, and tbe difficulties of periodScal stock-taking at short intervals

-of time are much less than in tbe electrolytic process. Tbe chief defect of

the latter is tbe greater length of tbe time of treatment, so that if tbe loss

of interest on tbe gold is taken into account, a grave disadvantage is disclosed.

Taking tbe total time of treatment from tbe importation of tbe gold into tbe

refinery to its exportation at a fortnight, and the gold locked up in tbe solu-

tions, cathodes, connections, anode mud, etc., as 50 per cent, of tbe gold

undergoing treatment, tbe interest charge at 5 per cent, would be about
6 cents per oz. of fine gold. It is obvious from such figm’es that if the gold

undergoing treatment is losing interest, tbe work should be carried on for

M hours a day with thin anodes and as high a current density as possible.

11. Aqua Regia Process.^—This process was introduced at the Pretoria

Mint after tbe Miller process bad been tried and abandoned owing to the

alleged difficulty of treating tbe gold bullion extracted by tbe cyanide process.

In tbe aqua regia process the gold is dissolved and precipitated. It is made
very difficult if tbe silver exceeds 100 parts per 1,000, and at Pretoria bullion

was not treated if the silver exceeded 50 parts per 1,000. Mill gold with

80 to 110 parts of silver, and cyanide gold if it contained more than 50 parts,

were melted with gold obtained by tbe chlorination process to reduce tbe

silver to less than 50 parts, and granulated. Charges of 500 grammes of the

granulations were then placed in each of 40 boiling flasks of 3,250 c.c. capacity,

and treated with a mixture of 6 parts HCl to 1 part IINO3. Some gold was
always left undissolved to avoid loss of acid. The flasks were heated on sand

baths, and at tbe end of the day the solution of gold was poured into

porcelain vessels holding 100 litres each.

Next morning the clear liquid was siphoned off, leaving the silver chloride

at the bottom of the vessel, and transferred to a tank containing a solution

of ferrous chloride. The gold thus precipitated was separated and washed,

and the ferrous chloride regenerated by tbe addition of iron. The gold

could not be toughened on melting, even by repeated additions (up to 40

times) of a few grammes of CuCla, and it was necessary to pass chlorine

through it. Tbe gold thus obtained was from 996 to 999 fine. About 300

kilogrammes of gold per month were thus refined at a cost, including sub-

sequent coinage, of Is. 10-|d. per standard oz., 916-9 fine. The loss on the

transaction was 5|d. per oz., as tbe Mint bought gold at £3 16s. 9|d. per

.standard oz., with a deduction of 4d. for defining. Tbe floor of tbe refinery

was slated and drained to carefully constructed gutters, and no liquids were

thrown away until they were declared free from gold. The method of testing

was to take 20 litres, add some acetate of lead, pass sulphuretted hydrogen,

allow to settle, decant, roast the precipitate, and cupel tbe lead. In spite

•of all precautions, however, tbe loss of gold was heavy. This cumbrous and
inconvenient process was brought to an end in 1899 by the South African War.

^ Eeyreer, T/ie MdaUuryy of Gold on the Maud (Freiberg-, 1898), p. 128.
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CHAPTER XIX.

THE ASSAY OF GOLD ORES.

Introduction.—The assay of gold ores was probably practised by the

Romans/ and was elaborated in the Middle Ages. The German assayers

had already reached a fair degree of proficiency in the year 1500. Since

then the progress in the art has been comparatively moderate.

The assay of gold ores is almost universally conducted in the dry way
—i.e,, by furnace methods. Exceptions will be noted later. The plan of

operation is to concentrate the precious metal in a button of lead either

(1) By fusion in a crucible ; or, more rarely, (2) By scorification. The button

of lead obtained by either method is then subjected to cupellation, by which

the lead is oxidised and removed, and the resulting bead of precious metal

is weighed. In these operations silver and the metals of the platinum group

remain with the gold, and are subsequently separated by mquartation and
parting, and, in the case of platinum and its allies, by further special methods.

The exact method to be used in any particular case varies with the com-
position of the ore. As a general rule, gold ores are better assayed by the

fusion process, so that a comparatively large quantity of material may be

operated on. Very rich ores may be assayed by scorification, the errors

arising from the small amount of material used in the process being less

important in their case.

The assay by scorification was preferred to pot-fusion by the German
assayers of the 16th century. When fusion in a crucible was recommended,
it was only as a preliminary to scorification.^ Agricola and Ercker describe

many of the methods and precautions given in this chapter, such, for instance,

as the treatment of cupriferous ores with nitric acid, the use of a salt cover

in the crucible, and of proof-Centners,” which correspond to assay-tons.

Broker also mentions the forerunner of the buck- board, and instances assay-

offiees in which 200 assays of ores were made in a week.

Sampling the Ore and Preparation of the Sample for Assay.—The value

of an assay depends largely on the care with which a sample of the ore is

selected. Sampling should be, as far as possible, automatic, and independent
of the will or judgment of the assayer. The sampling of ore in place in mines

is described in books on mining.^ The taking of running samples is referred

to in the section on stamp mill practice (see p. 176).

^ See Hoover’s translation of Affricola, 1912, p. 219, note 1.

2 Agricola, De Re Mctalliaa, Basle, 1550, lib. vii. For an account of the Probier-
bliohlein, published in Germany between 1510 and 155G, see Hoover’s A(frieola, appendix B,

p. 612 ; they are the earliest treatises on assaying known to exist. See also Ercker, Allerfwr-
nemiiftm Mmeralischen Eerzt u. Berrfwcrka Artcn, Frankfort, 1580, Book i., chap. 10; and
Book ii., chap. 8. Lawn of Nuture in Assaymt/ Mctah^ by Sir John Pettus, London, 1686, is

a translation of Ercker’s work.
3 The Samplinff and Entimation of Ore in a Mine, by T. A. Rickard, New York, 1904.

See also remarks by Oordner-James, Trana. Tmt. Mug. and Met., 1902, lO, 152 ;
and

M. H. Burnham, Tranx Tmt. Mnff. and Met., 1901, 10, 204; also Cbarleton, ibid., 1901, 9,

203-2.8], containing a bibliography on p. 225.
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Heaps of ore, placer deposits and impounded tailing are sometimes
sampled in tlie same way as vat or bin cbarges by driving-in iron pipes^

or cheese-taster samplers at regular intervals, and mixing- the samples with-

drawn in the pipes. A form of sampling iron suitable for very dry material

is described by Richards.^ It consists of two iron tubes, each with nearly

hah its circumference cut away. One tube fits inside the other, and is fixed

to a wooden handle by a T-piece, so that it can be rotated inside the outer

tube. The lower part of the outer tube is not cut away, and is sharpened at

the end or drawn out to a point. The tubes are driven into the ore with their

openings arranged as shown in the cross-section, a (Fig. 204), and the inner

tube is then rotated, passing through the position 6 (Fig. 204), until it is

filled with ore. It is then replaced in its original position, and both tubes

withdrawn. The outer tube must also be clamped to a cross-handle, to

facilitate its withdrawal.

When the ore to be sampled can be moved, it is reduced in bulk either

by hand or by automatic machines, and is generally crushed finer between

ScaZk/

Fig. 204 .—Sampling Tube for Dry Ore.

each successive reduction of bulk in accordance with requirements based on
theoretical considerations.^

If the ore is in course of removal by shovelling, every second, fifth, or

tenth shovelful may be set aside as a sample, or the whole heap may be

piled up to form a perfect cone, each shovelful being thrown as nearly as

possible on the exact apex of the cone, so that the ore runs down on all sides.

The heap may be made into a new cone to ensure thorough mixing, or may
be at once flattened into a circular cake, and divided into four quarters,

along two diameters at right angles to each other. Two opposite quarters

are removed and mixed, and the operation repeated if the ore is fine enough.

The ore is sometimes made into the form of an annular ring before being

coned. ^ ‘‘Coning and quartering” is usually preferred to the method of

setting aside particular shovelfuls (see, however, Argali, op. cit. infra).

1 yT. Taylor, Eny. and Mmf. J., 1897, 63, 160 ;
also H. E. Nicholls, Tram. InM*

Mnu. and BleL, 1905, 14, 195.
- Richai'ds, Ore JDrer.mif/, vol. ii. (1903), p. 845.
3 Bmitb, The Sa7nplinf/ and Asmy of the Precious MetaU., p. 90.
^ Smith, op. cit, p. 98 ;

E. A. Wraight, Amtymg, p. 67.
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Automatic samplers give better results than band sampling, and tbeir

working costs are smaller. They are divisible into two classes—(1) those

which continuously take a part of a moving stream of ore, and (2) those which

momentarily take the whole stream of ore at regular intervals of time. The
former class of machine is the cheaper, but is considered by Richards ^ and
Argali ^ to be useless, “ because the values are never evenly distributed

across the stream.” In many machines a narrow scoop passes steadily

across the stream of ore at regular intervals of time, and this is considered

to be equivalent to the method used in the machines of class (2). The Bridg-

man,® M‘Dermott, Vezin,^ Collom,® Brunton,® Snyder,® Johnson,’^ and
Foster-Coolidge ^ samplers are all well known. Considerations in sampling

and a description of the Brunton sampler, which gives highly satisfactory

results, are given by D. W. Brunton.®

The Vezin sampler is one of the few machines that

give accurate results, and is stated by Argali ® to be
almost universally employed in Colorado. It consists

of two sheet-steel truncated cones, b, c (Fig. 205), with

their bases bolted together. The ore falling from a

shoot, a, into a hopper, d, is carried outside the cone,

c, and is delivered from the hopper through another

shoot, e. A scoop,/, made of sheet-steel, with a sector-

shaped opening above, is rivetted or hooked on to the

cone, h. The angle of the sector may subtend any
desired portion of the circumference of a circle, such

as one-tenth (36°), or one-sixteenth (22 1°). Both
cones and the scoop are rotated at about 25 or 30

revolutions per minute by bevelled gearing, and when
the scoop comes below the shoot, a, the whole stream

of ore falls into the scoop, and is led into the interior

of the cone, c, and thence to a separate ti’iick or bucket.

In this way a sample is taken about every two seconds.

A Yezin sampler of about 3 feet in diameter, aiul re-

quiring a fall of about 6 feet, is trill ijig in cost, and
treats 30 or 40 tons an hour.

Argali recommends ® the following coiii-se of proce-

dure in sampling telluricle ores containing 10 or 15 ozs.

per ton :—^Ifrom 100 short tons crushed to 1 inch cubes,

take 20 tons. Crush this to I inch, and take 2 tons.

Crush this to 8 mesh (~ n;- incli), and reduce by
''riffling” to 250 lbs. Dry and crush, the sample to

'30 mesh (= -jL inch), and riffle down to 15 11)8. Crush

by a sample-grinder to 90-100 mesh, and riffle down to 1 Ib. ITiis is crushed

on the buck-board to pass 120 mesh (= inch), and divided for assay.

I III I I I I I I I I I

0 1 Z 3

Scale of Feet,

Fig. *205.—Voziii

Sampler.

^ Richards, op. at., j). 840.
2 Argali, Tram. lud. Jlfta/. and Met, 11)02, 10. 2.35.

2 Bi'idgman, 2Va Atnrr. Iml. Mta/. TJia/., 1801, 20, 416.
^ Argali, Tram., Tad. Map. and Md.^ 1602, 10, 240, 241, with working drawings.
5 Richards, Ore Drnmmj, pp. 846-848.

.
® Brunton, Traiit^. Amer. Ind. Mwj. 1884, 13, 631)

; 1606, 40, 580 ; liofnian,
MeUdlurpy of Lead, 181)3, p, 55.

’ Hofman, Mineral Indnstry, 1902, il, 429.
8 Brunton, Tram. Amer. Jmt. Mmj. Kmj., 1909, 40, 567-596.
® Argali, op. cit., p. 238,
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Poorer and less “spotty” ores may be sampled somewhat more simply,

and without such fine preliminary crushing.

In the assay office the sample, however obtained, is further reduced in

bulk by an automatic machine, similar in principle to the large samplers,

such, for instance, as the Bridgman laboratory sampler,^ or by the implement

known as the riffle or sampling tin (Fig. 206).^ This consists of a series of

troughs arranged side by side and fastened at equal distances from each other

(the width of the spaces being equal to that of the troughs) by strips of metal

soldered on to their ends. An even stream of ore being let fall from a shovel

on to this sampler, half is retained in the troughs, while half passes through.

Careful experiments have proved that each half is representative of the whole.

Repetition of the process reduces the sample to any required extent. A
sampler with troughs 1 inch wide is suitable for treating materials which

include lumps of not more than
-J

to inch in diameter. For finely ground

materials a convenient width for the troughs is | inch.

The sflit shovel (see Fig. 207) ® is similar in principle to the riffle, and in

the Jones smnflerf instead of troughs and spaces, two sets of troughs are-

substituted sloping at a high angle in opposite directions. The troughs

clear themselves, discharging half the ore at each end of the machine.

Pig. 206,-—Sampling Tin. Eig. 207.—Split Shovel for

Sampling.

When the sample has been reduced to from 5 to 20 lbs. in weight it is-

crushed through a 20-mesh sieve, and from 1 to 5 lbs. selected for the assay

sample.^ This sample is used for the estimation of moisture, and is then

dried and finely crushed. Opinions differ as to the fineness of the sieve to

be used. No one is in favour of a sieve coarser than 80 mesh, and 100 mesh
is more common, but some assayers use a 200-mesh sieve. The author’s

experience is that all ores require crushing to 100 mesh, and that finer

crushing may be dispensed with in the case of simple ores
;
but that com-

plex ores, such as tellurides, should be crushed as finely as possible.®

1 Hofman, MHaWmj}! of Lead (1899), p. 59.

2 E. A. Smith, The timuplinu and Asmy of the Preeiom MetaU^ p. 122.

Smith, (yp. eit., p. 99.

^ Described l)y 1^. Argali, Trans. Inst. Mwt. and Met.^ 1902, 10, 271 ;
Eng. undMng. J.y

1908,76, 729.
^ The views of various authorities as to weights of samples and fineness of preliminary

crushings in the sampling of large lots of ore are given in Richards, Ore Dressing (Isted.,

1908), p. 848.

^ For further details as to sampling and the preparation of the sample for assay, see

Smith, <>}}, ('it:., PI). 87-12G.
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The implements employed for crushing samples of ore are various. A
small rock-breaker, with reciprocating jaws, similar to those used on the

large scale, and worked by hand or steam power, is useful for breaking down
large lumps, which otherwise may be broken by a hammer. For finer pulveri-

sation a small pair of steel-faced high-speed rolls may be used if steam power
is available. The sample-grinders, resembling coffee mills, and the disc-

grinders, sold by makers of mining machinery, are more widely used. Such
machines are adopted at large smelting or sampling works, where great

numbers of samples are crushed daily. In smaller works or offices the buck-

hoard (Fig. 208) is most suitable. It is a smooth plate of iron about 2 feet

square with a I-inch rim surrounding it on two or three sides. On this a

hucking hammer is worked—a heavy piece of iron 15 to 20 lbs. in weight,

with a large smooth curved face and a handle 30 inches long. It is moved
about on the iron plate (on which the ore is spread) with both hands, one

holding the handle, the other pressing the head downwards, the curved face

being below, while an oscillatory movement is imparted by the handle. The
instrument is very effective if the ore has previously been broken down to the

size of coarse sand in a mortar. The radial hucking-plale ^ has been devised as

a substitute for the buck-board. The pestle and mortar are of value in breaking

down samples from the size of nuts to that of coarse sand. In grinding

down siliceous material, so as to enable it to pass through a fine sieve, the

pestle and mortar are far inferior to the buck-board.

Fig. 208,—Buck-board and Hanniicr,

The prepared sample may be inixed and divided by the Bridgman
divider,^ or by a sampling tin (see p. 493), and is stored in tin boxes or glass

jars, which should be labelled by numbers, none of wliicli are ever repeated.

Before weighing out the powdered ore for assay, the whole sample should be
turned out into a wide bowl or on to glazed j)aper, or, better still, ru})ber

cloth (which does not crack and wear out like |;)aper), and thoroughly mixed
with a spatula. The sample should never be mixed by shaking, and care

should be taken to avoid jarring it after niixing, as motallics in that case

tend to settle to the bottom from their superior density, and a fair sample
cannot easily be obtained. For the same reason tlie pai*t of the mxied. sample
which is taken for assay should not be hastily shovelled on to the balance

pan from the top of the pile, but a vertical slice should l)e taken, some of the

lowest layer being carefully scraped up from the rubber cloth.
“ MetallicsJ^—In many ores, both gold and auriferous silver occur njitive

in grains or threads. These “ metallics ” are not readily reducible to a fine

state of division, and, though a part always passes through the sieve, some
of the larger pieces which have resisted abrasion fail to do so. In some
assay offices part of the pulverised ore is thrown back into the mortar with

1 Smith, The Sampling and Arntji of the PmvimiH MHah, p. IIS.
2 Hofmau, MctaUnrtty of Lead, 1809, p. 72.
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the metallics, and grinding is continued until everything passes the sieve.

This is a dangerous practice, as it is impossible to ensure the even distribu-

tion of metallics through the sample. The smaller pieces which pass through

the sieve in the first instance constitute an unavoidable evil which is in-

creased by every piece of metal that follows them. The safer plan is to cupel

by themselves the whole of the metallics left on the sieve, and calculate their

value per ton of ore independently of the result obtained by the ordinary assay.

The total value of the ore is found by adding these two results together.

Assay by means of the Blowpipe,^—This method, though less exact than
the furnace methods, is of importance, because in prospecting expeditions

it is possible by its means not only to detect the gold and silver in any ore,

but also to determine its amount quantitatively with fair accuracy. On
such expeditions it is difficult to carry the cumbrous apparatus required

to make an ordinary assay. The amount of powdered ore taken is usually

100 milligrammes, and this is mixed with borax and about 1 gramme of

granulated lead. The whole is wrapped in paper and heated on charcoal

in the reducing flame of a blowpipe until the fusion is complete, and then

for a short time with the oxidising flame. The lead is then separated from
the slag and heated on a bone-ash cupel until it is all converted into litharge.

The nearly spherical bead of silver and gold thus obtained is weighed or

its diameter carefully measured on an ivory scale, which at once gives the

percentage amount in the ore. The gold is usually separated from the silver

by parting in nitric acid, and is weighed or melted and measured, but Richards

states ^ that the silver can be distilled ofl by the blowpipe, leaving a bead of

pure gold, which can be measured (see also ‘'Assays in Field Work,” p. 515).

Fusion or Crucible Process of Assay.

This process is divided into four parts, viz. :—(1) Fusion ; (2) Cupellation
;

(3) Parting
; (4) Weighing the gold.

(1) Fusion.—^The object of this operation is to concentrate the precious

metals in a button of lead, while the whole of the remainder of the ore forms

a fusible slag with suitable fluxes, in which lead sinlcs. The fusion is made
in clay (or rarely iron) crucibles in a wind furnace, similar to, but usually

smaller than, that used for melting bullion described on p. 423. Coke is

generally used for fuel. Gas and petroleum furnaces are also in wide use.

Long-flaming bituminous coal is also used, generally in furnaces of the rever-

beratory type, especially in the United States and in the Transvaal, where

it is displacing coke as fuel.
^

In Colorado it is usual to make fusions in a muflle furnace, similar to that

described below under cupellation, p. 529. The temperature required is

about the same as that used in scorification. The advantages claimed are

greater cleanliness and neatness and more uniformity in the conditions,

tlie temperature of a muffle being more easily kept constant and uniform

than that of an ordinary fusion furnace. Six or eight fusions can be made
at one time in a large muffle.

In weighing the materials for a crucible charge the use of a set of assays

ton weights saves much laljour in calculation. The assay-ton is a weight

^ n, full (leHcription of tlii.s method, see Plattner’s Mowpipc Ana/ynu^ translated hy
Prof, (jornwall, <Sth ed., New York, 11)02, pp. .350-384.

^ Richards, J. Fnttiklhi InMitnt<\ June, ItSlKJ.

A. M.‘A. Johnston, Rami MHcMurijlrAU J^racMcc., vol. i., p. 297.
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which contains as many milligrammes as a ton contains ounces. Thus an
English or long ton of 2,240 lbs. (used in England and Australia) contains

32,666 Troy ounces, so that the corresponding assay-ton must weigh 32,666

mg. or 32*666 grammes. If the weight of the resulting bead of gold, (or

silver) from an assay-ton of ore is 1*5 milligrammes, then the ore contains.

1*5 ozs. of gold per statute ton. If the value per short ton of 2,000 lbs. (used

in North America and Africa) is required, the weight of the assay-ton is.

29*166 grammes, since there are 29,166 Troy ounces in 2,000 lbs. avoirdupois.

If grain weights are preferred, the weight of the assay-ton may conveniently

be taken as 326*66 grains (or 291*66 grains for the short ton)
;

the weight

of the resulting bead of gold in hundredths of a grain then gives the value

of the ore in ounces per ton. Sets of weights ranging from I A.T. (assay-

ton) to 4 A.T. can be bought, or they can be made up from an ordinary

box of decimal weights. In the following pages this system is used, one A.T.

being equal to 32*666 grammes.
If grammes or grains are used as units, tables are necessary to convert

the results obtained by the balance into ounces per ton. The amount of

the unit used in weighing should not be lost sight of in the course of con-

version. Thus if 50 grammes of ore are taken, and the resulting gold weighs

1*75 milligrammes, the unit of weight being 0*05 milligramme, the balance-

error corresponds to nearly 8 grains per ton, and the report should be 1 oz.

3 dwts. per ton, not 1 oz. 2 dwts. 20*8 grains as would probably be given

in a table.

The weight of ore taken for assay varies according to circumstances. One-

A.T. is a suitable quantity if the amount of gold is not less than 0*5 oz.

per ton, and the balance for the final weighings is sensitive to 0*02 milli-

gramme or less. With poor residues, 2, 4, or even 12 A.T. may be takeiv

and with very rich ores | A.T. may suffice. If more than 3 A.T. of ore are

taken, the charge is divided between two or more pots, and the resulting

lead buttons scorified down and cupelled together.

The charge is made up of litharge, charcoal, and suitable fluxes, together

with metallic iron. Litharge or red lead ^ is added in the proportion usually

of one and a-half or two parts to two of ore. The amount of lead reduced

should be from 25 to 30 grammes per A.T. of ore.

The amount of the charcoal added varies with the reducing power (per-

centage of ash, etc.) of the particular sample which is employed, as well

as with the degree of oxidation of the ore. If too little charcoal is used, the

amount of reduced lead will be too small, and if too much charcoal is added,

the charge remains pasty and emits bubbles of combustible gas (CO). Gener-

ally from 1 to 1| grammes per A.T. of ore are enough, but in some higlily

basic oxidised or roasted pyritic ores as much as 3 grammes of charcoal

powder are required for 1 A.T. of ore, as the oxides must always be completely

reduced to the lowest state of oxidation {e.g., EeO) compatible with keeping

them in the slag. This point is attained when nearly all the litharge (about

90 per cent.) is reduced to lead. Otherwise some of the gold is oxidised

^ It is sometimes asserted tliat litharge (TbO) is less suitable than red lead (PbgO^). The
latter requires more charcoal to reduce it, and, according to Ricketts and Miller of
Columbia University, it is objectionable on the grounds that it oxidises silver. {JSfotcH on
Amirjing, by Ricketts and Miller, p. 39, New York, 1897.) This drawback, however, appears
to be shared by litharge. In some comparative experiments made by the author there was
no difference in results, so that it wot^ld seem that either litharge or red lead can be used
with e(^ual advantage. The amounts of silver and gold, if any, in the litharge must be
determined by a separate experiment. Red lead contains more oxygen than litharge..
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and retained in the slag. If ores contain much sulphur no charcoal is used,

and nitre may even be added to burn off the excess of sulphur, but in that

case the pot is liable to boil over. With very large quantities of sulphides

it is better to increase the quantity of soda, or, if the formation of a matte

cannot be prevented in this way, to treat the matte separately, or to roast

the ore before fusion. Flour and argol (acid potassium tartrate) may be

used as reducing agents instead of charcoal. One gramme of charcoal is

capable of reducing 25 to 30 grammes of lead from litharge, and its place

may be taken by 2-| grammes of flour or about 4 grammes of argol. These

equivalents, however, are approximate, and vary with the sample of the

reducing agent. The reducing power of each sample is tested beforehand.

Bodium carbonate is used to flux silica and to take up plphur, while borax

is valuable in basic ores to prevent corrosion of the crucible, and render the

slag more liquid. The relative amounts required are judged from the

appearance ‘of the ore in the first place, and afterwards modified according

to the success of the fusion. From 1 to 1-|- A.T. of sodium carbonate,

and from i to | A.T. of borax to 1 A.T. of ore are the amounts usually

required. Even when the ore is entirely composed of silica, some borax is

added. The most convenient form is borax glass. Bicarbonate of soda is

less convenient than the normal carbonate. If it is used the water and

excess carbon dioxide must be driven off by slow and cautious heating.^

Silica is used only for ores full of lime, baryta, compounds of the base

metals, etc., or generally whenever the ore does not contain much quartz.

It aids fusion in these cases, and protects the crucible from corrosion. From

I to A.T. of silica to 1 A.T. of ore is generally enough. About two parts

of glass may be used instead of one part of silica. Fluorspar is added to the

charge when the ore contains sulphates of barium or calcium, and in the

fusion of cupels. Like borax, it increases the fluidity of almost any charge,

but it attacks the crucible, and care must be taken to avoid deficiency of silica

when it is used. In general it may be noted that for basic impurities an acid

flux is used and for an acid gangue a basic flux. A cover of common salt

is generally used to protect the charge from the variable oxidising or reducing

action of the atmosphere in the furnace. Iron is added to all charges in the

shape of large nails or hoop-iron, or even scrap. Sulphur, arsenic, etc., are

thus kept out of the lead button. The charge for any given ore is made up

by the assayer according to his judgment and experience. Much may be

learnt as to the nature of the ore by the examination, with a lens, of unbroken

lumps, and after panning, of pulverised ore. The following are some typical

charges :

—

TABLE XLII.

Ore, .

Litharge, .

Charcoal, .

Sodium carbonate,

Borax,

Quartzo.se Ore.

1 A.T.
1 „

O.KidisecI Ore
(viritli 2r> per cent,

iron oxide).

1 A.T.

1 *2-1 *5 grms,

n A.T.
5-10 grms.

2-0 grms.
1 A.T.

10 grms.

Fyritic Ore
(with 25 per cent,

iron sulphide).

1 A.T.
1 n

0’5-l*0 grm.
1 A.T.
10 grms.

With salt covers and hoop iron.

1 J. Bettel, J. (Mem. Met. and Mng. ofK Africa, 1899, 2, 407.

32
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Methods of Operation.—The ore is weighed accurately to 0-01 gramme
unless very poor when a less exact approximation is sufficient. The charcoal

is always weighed with great care
;
the litharge is best measured by a ladle

or shot measurer
;

the fluxes may also be measured out by a ladle more

rapidly than they can be weighed. The various ingredients are thoroughly

mixed together on rubber cloth or in the crucible in which the fusion is to

take place. Part of the borax is often kept separate and used as a cover, being

put on the top of the rest of the charge after transference to the crucible.

The crucible is carefully annealed in the ashpit of the fuxmace before

using. It is lowered into a hollow in the fuel of the furnace made by piling

the coke round an old pot and then carefully withdrawing the latter. Both
ordinary and basket tongs are useful. The fire should be at a low red heat

on charging in—that is, at a temperature of 600° or 700°—and should not

be urged at first. The objects to be obtained are as follows :

—

(1) The gold is to be brought into such a condition that it will be readily

taken up by the molten lead before the subsidence of the latter to the bottom

of the pot.

(2) The mixture is to be finally brought to a state of quiet fusion, with

low viscosity, so that the reduced lead may subside completely and collect

into one button.

(3) There must be no mechanical losses.

Reduction of the lead begins below a red heat, and is probably almost

complete before borax glass and sodium carbonate begin to melt (at about

700°) and to attack the gangue. In an ordinary charge which was heated

in a muffle at 640° for twenty minutes, and then withdrawn and allowed to

cool, it was found that fusion had begun though no efTervescence had occurred.

No lead was visible until after the charge had been panned, when a large

amount of metallic lead in fine particles was recovered. Tlie lead begins

to collect into globules visible to the naked eye as soon as the cliarge begins

to work and effervesce, but does not sink until the eff'ervescence has pro-

ceeded for several minutes. The slower the melting (i.e,, the more the

fritting ” stage is prolonged) the more chance is afforded of bringing the

lead into intimate contact with all parts of the pasty mass and of collecting

the gold from the ore. Also the slower the melting, the less enhance there is

that part of the charge will be projected from the pot. The final tempera-
ture need not, as a rule, be above 1,100°, and may be lower in certain cases.

The influence of the rate of heating on the result is very great. In an
experiment designed to test this, four charges of a pyritic ore were made up
in accordance with the table given above (p. 407). Two charges wore heated

very slowly,’ and remained in the furnace for fifty minutes before fusion

was complete. The other two chai*ges were heated as rapidly a-s possible, and
were in the furnace for only twenty minutes. The results were as follows :

—

TABLE XLIIL

Heated Slowly. Heated Kapidly.

(l)Gold,
Ozs. per Ton. Oi!a. per Ton.

0-130 0-075
Silver, 4*42 2-33

(2) Gold, 0-125 0092
Silver, 4-28 2-71
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Tke mean deficiencies in the charges heated rapidly were thus :—Gold

34 per cent., silver 42 per cent., but the results were also less regular than
when slow heating was used.

The effervescence is due chiefly to the escape of carbon dioxide from the

sodium carbonate as it unites with silica, and is of value in moving about
the lead globules.

After a lapse of from 40 to 50 minutes the charge is in a state of tranquil

fusion, with the exception perhaps of slight action round the sides or next

the iron, if any is used. The crucible is then lifted out of the fire by the tongs,

the nails withdrawn and any lead adhering to them shaken off into the pot.

The pot is allowed to cool and broken by a hammer to extract the lead button,

or the charge may be at once poured into an iron mould. The mould must
be cleaned, blackleaded, and warmed before being used.

If the charge does not fuse completely, so that the slag is pasty or has

lumps in it, it is advisable to recommence the assay, making such alterations

in the charge as experience suggests, having regard to the considerations

mentioned above.

When the mould is quite cold its contents are readily separated from it

if the precautions mentioned above are taken, and the slag is detached from
the lead button with a hammer on an anvil. The slag should be glassy and
homogeneous

;
if it is streaked it is probable that the fusion has not been

perfect. It is green and transparent if the ore is nearly pure quartz
;
black

and opaque if much iron is present
; but is red if the ore contains much

copper.

The lead button should be soft and malleable. If it is hard or brittle

it may contain sulphur, arsenic, antimony, copper, etc. Sulphur and arsenic

are kept from entering the lead by the addition of iron, and may form with

the iron a matte or speiss, which separates as hard blackish-grey or white

layers found just above the lead. They are richer than the slag, and may
often yield appreciable quantities of gold on further treatment by scori-

fication or roasting and fusion. If the quantity of sodium carbonate is large

enough, the sulphm* is retained in the slag in the form of sodium and ferrous

sulphides. Antimony makes the lead hard, white, brittle and sonorous

;

according to Eivot, it is not a source of loss if forming less than 1 per cent,

of the lead button (see under Cupellation below). The lead must be com-
pletely freed from the slag, very small quantities of the latter interfering

seriously with the cupellation, forming a scoria and occasioning loss.

Roasting before Fusion .—Ores containing large quantities of sulphur,

arsenic or antimony may be sometimes roasted with advantage as a pre-

liminary to fusion. Boasting is effected in shallow circular clay dishes, in

a mujOde, or in the crucibles in which the fusion is afterwards performed,

The temperatm*e must be kept low at first and the ore frequently stirred

with an iron wire or spatula, to prevent fritting, and to expose fresh surfaces

to the air. The roasting takes place in two stages : at first, sulphur dioxide,

arsenious oxide (AS2O 3), and antimonious oxide (Sb203)
are formed and

volatilised, the sulphur burning with a blue flame. The formation of lumps
is most to be feared during the first few minutes of the operation, and can

scarcely be prevented if much sulphide of antimony is present; in this

case an equal weight or more of pure silver sand is mixed with the crushed

ore before charging it into the muffle.

After a time the blue flame disappears, the odour* becomes less strong,

and sulphates, arsenates and antimonates form. By raising the temperature
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sulphates are decomposed, but arsenates and antimonates are stable at

high temperatiues and cause loss of silver in the fusion. To prevent their

formation the ore should be roasted in a coke furnace, starting to heat it

very gradually and admitting a limited supply of air. In all cases the roasting

is nearly complete when the glow caused by stirring is shown only by a few

specks of ore
;

the temperatoe may then be raised to a strong red heat

without danger of fusion. The operation is complete when the ore remains

of a uniform colour on stirring. Arsenates and antimonates may be in part

removed by re-roasting with powdered charcoal in a covered dish.

James recommends ^ that ores consisting chiefly of sulphide of antimony

should be mixed with twice their weight of silica, and roasted at a very

low temperature. The sand prevents the charge from “ balling.” Sulman
prefers ^ to mix the charge with carbon instead of sand. In roasting this

mixtoe in a reducing atmosphere, some 96 or 97 per cent, of the antimony
is volatilised as sulphide at a fair red heat without loss of gold. C. 0.

Bannister ^ suggests the addition of charcoal powder towards the end of the

ordinary operation of roasting.

The fusion of roasted ores requires more charcoal powder than raw ores,

the amount needed being sometimes as much as 3 grammes per A.T. of ore.

In general, roasting is to be deprecated, owing to the unavoidable loss by
dusting. The results are usually lower than tliose obtained by other methods,

and the operation requires the expenditure of much time and attention.

It is useful as a second method in cases of special importance. Before cliarging

concentrate on to a roasting dish, it is advisable to sprinkle sand over the

dish to prevent fritted sulphides from adhering to it.

Cleaning the Slag .—The slags of very rich ores may retain enough gold to

necessitate further treatment. The slag is roughly crushed and fused with

1 A.T. of litharge, 15 to 2(3 grains of charcoal and a little sodium cai’bonate,

the same crucible being used again, or the slag may }.)e fused and a mixture

of litharge and charcoal thrown on to its surface. If any regulus or speiss

forms during the first fusion it must be preserved with special care and
re-fused, charcoal being reduced or omitted. '’The button of lead from the

second fusion is cupelled with the first button, or alone
;

the slag from the

second fusion is almost always poor enough to be thrown away.
H. L. Sulman points out that it is not necessaiy to pour and regrind

the slag before “ washing ” it. Instead of this he uses a method similar

to that adopted in cleaning ” scorilication slag (see ])elow, p. 516). When
the crucible contents have fused and become quite tranquil, he stirs in first

a little more oxide of lead and then a pinch of (',arl)()n, and thus makes a
quick “ washing ” form part of the ordinary operation.

The Treatment of Basic Ores .—The difliculty of roasting arsenical and
antimonial ores, which has been discussed above, p. 4(H), may be avoided ^

by taking ore, 1 A.T.
;
red lead, 1,000 grams

;
sodium carbonate, 500 grains;

potassium ferrocyanide, 550 grains, with, a cover of salt or borax. The
iDutton is scorified, together with the matte formed, before cupellation.

E. A. Smith ^ found this method unsatisfactory and recommends the

^ James, Tram. Inni. Mmi. and Mat., XDOl, 0,

^ Sulman, ihul., p. 355.
3 Bannister, Tram. Tmt. Mnf/. and MH., 1007, i6, 04.
^ Ricketts, JSfota^ on Asmijmi/, New York, 1887, ]>. 77 .

5 Smith, Tram. Imt. Mwj. and Met, 1001, 9, 334 ;
The Sam'plhKj and of the

Precious Metals, p. 222.



FUSION OR CRUCIBLE PROCESS OP ASSAY. 501

oxidation of sulphide of antimony by nitre, the charge being made up as

follows in the case of an ore containing 75 per cent, of stibnite, with gangue
mainly consisting of silica :

—

Ore, 20 to 25 grms.

Eed lead, 80 „
Sodium carbonate, . , . . . 60 „
Borax, . . . . - . 10 to 20 „
Nitre, . . . . . . 14 to 20 „

With cover of powdered salt.

The button should weigh "from 45 to 50 grammes. The fusion is

effected in large crucibles at a low temperatoe. Sodium carbonate

forms a fluid slag with oxides of antimony. Another method given by
Smith is to digest the ore with concentrated hydrochloric acid, add tar-

taric acid, filter, dry and scorify, or else fuse with red lead, charcoal and
fluxes. An alternative plan is to scorify these ores direct, as well as those

containing much copper if they are rich enough.

If they are poor, ores containing copfer may be treated in three ways,^

so that each method may serve as a check on the others, viz. :

—

{a) Fusion

with much PbO : the lead button becomes cupriferous, and should be scori-

fied together with the matte; (6) roasting, followed by fusion and scori-

fication
;

(c) treatment with nitric acid, by which all the sulphur and copper

is removed. The silver dissolved in the liquid is then precipitated with a

solution of common salt, of which a large excess should be avoided. The
addition of a solution of lead acetate followed by hydrochloric acid assists in

the collection of the silver chloride. The insoluble residue is dried, and can

now be readily fused and cupelled. By treatment (c) the lead button is kept

free from copper, the presence of which in the lead obtained by methods
(a) and {b) renders cupellation difficult and unsatisfactory.

According to J. Loewy,^ copper ores containing more than 6 per cent,

of copper yield lead buttons containing too much copper for satisfactory

cupellation. Accordingly he adds silica to ores containing more than 6 per

cent, of copper.

Zinc ores may be roasted, and fused with a larger quantity of borax

and sodium carbonate than usual with pyritic ores. Instead of roasting,

it is easier to desulphurise blende with metallic iron in the fusion, the zinc

being volatilised.^

According to Hall and Popper,^ litharge should not be left in the slag

of zinciferous ores
;
the amount of sodium carbonate should be from four to

five times that of the ore. A suitable charge for a zinciferous ore was found

to be as follows :

—

Ore, iA.T.
Sodium carbonate, 1

J

Borax glass, . . . . . • i
Litharge, „

- Percy, Metallurgy of Gold and Silver, p. 247.

2 Loewy, Ghem. Zeit., 1911, 35» 278.
® Smith, loc. cit.

^ Smith, op. cit., p. 282.
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Smith also recommends^ a crucible fusion with nitre for zinciferous

ores, the complete oxidation of 1 part of zinc blende requiring from 1*5 to

2 parts of nitre.

Lead ores should not be roasted, but fused with plenty of iron. B. A.

Smith ^ recommends the direct fusion of bismuth ores with comparatively

large quantities of sodium carbonate and borax, using a low temperature.

Telluride ores are not roasted but fused with excess of litharge at a
moderate temperatme. Charges for two siliceous American ores containing,

tellurides are given as follows :
—

^

TABLE XLIV.

Poor Ore
with little Pyrite

K-ich Ore
with much Pyrite.

Ore, 1 A.T. 0*2 A.T.
Sodium carbonate, 1 „ 1 „
Sand, 1 »
Litharge, 6 „ 4 „
Argol, 2 grms. 1 grm.
Borax glass, .... 10 „
Common salt, .... Cover. Cover.

The slag is remelted with 1 A.T. of litharge and 2 grammes of argoL The
lead button is cupelled direct.

Tindall points out ^ that a most important point in the assay of telluride

ores is to crush the ore finely. Cripple Creek ores are crushed through 120-

mesh sieves if they are poor. Eicher ores are crushed through 150-mesh
sieves, and very rich ores through 200-me8h sieves. Lodge states ^ that at

Cripple Creek a flux is used made up as follows :

—

K2CO3, 3*07 kilos.

Na^COs, 2*7 „
Borax glass, .... 2*55 „ I-

Mix well.

Flour, . . . . . 0*45 ,,

Litharge, 13*6 „

Take about 65 or 70 grammes—that is, 2|- A.T.—of this mixture to I A.T.
of ore, and fuse in a mufide furnace. The slag will be glassy and brittle.

Hillebrand and Allen ® found that the crucible assay is perfectly satis-

factory for telluride 6res from Cripple Creek. The charge giving the best

results on ores containing from 15 to 20 ozs. of gold per ton was as follows :

—

Ore, .

Sodium bicarbonate,

Litharge, .

Fused borax,

Salt, .

1 A.T.

10 grms.

Cover.

1 Smith, loo. cit.

* Smith, Tram. Inst. Mng. and Met,, DOl, 9,

3 0. H. Fulton, J. Amor. Chem. Soc.y 1898, 20, 580,
* Tindall, Trans. Inst. Mng. and Met.y 1901, 9, 854.
® R, W. Lodge, Notes on Assaying (New York, 1905), p. 131.
® Hillebrand and Allen, Bull, XI.B, GcoL Survey

y

Bories E (1905), No. 253 ;
Chcni.

1906, 93 , 100, 109.
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'i'lie losses of gold in the slag were generaUj small. For the losses by cupel

absorption, see below, p. 608. In general the lead buttons should be large,

to facilitate the removal of the tellurium in cupellation.

For assay of tellurides by scorification see p. 517.

(2) Cupellation.—This operation is conducted in a muffle furnace, the

construction of which is shown in Figs. 210, 211, p. 629. The fire is lighted,

a little bone-ash is sprinkled on the floor of the muffle to prevent its corrosion

by litharge in case of the upsetting of a cupel, and the cupels introduced as

soon as a bright red heat is attained. The cupels are cleaned by gentle

rubbing or blowing before being charged in, and are again cleaned with bellows

before the lead is added. They are placed in the furnace one by one, or,

better, charged in together on a tray, see below, p. 532.

Oujpels are little cups made of bone-ash, and are either round or square.

In their manufacture the bone-ash is finely powdered so that it will pass a

40-mesh sieve, then slightly moistened with water (to which a little carbonate

of potash is sometimes added), put into a mould (Fig. 216), and compressed
by the blows of a mallet, or, better still, by means of a screw press, so as to

cohere firmly. The mould is preferably made of steel, as gun-metal wears

sooner, and an uneven surface is disadvantageous. It is kept clean, bright

and smooth, and the sides should be tapered upwards slightly to facihtate the

removal of the cupel without injury. Cupels must be dried very carefully

and slowly, but completely, as otherwise cracks appear when they are heated,

and loss is thereby occasioned. The cupels at the Eoyal Mint are made
several months before being used, and are dried slowly on shelves at some
distance from the furnaces. More rapid drying has been tried on many
occasions with less satisfactory results. Nevertheless fair results, but not

the best, can be obtained when using cupels only a few days’ old. If too much
water is used in mixing the bone-ash, the cupels lose part of their porosity

;

if 'too little is used they are too soft and crumble readily. About 6 or 7 per

cent, of water answers very well. Care must be taken to preserve cupels

from the access of nitrous or other acid fumes. These are absorbed by the

bone-ash and given out in the furnace so that they are liable to cause spitting.

Lengthened heating of an hour or more in the muffle before charging in the

lead buttons will prevent loss from this cause. It is always advisable to heat

cupels for 15 minutes after they have attained the temperature of the muffle

before charging in the lead buttons.

Bone-ash of good quality is supplied by several makers. It may be pre-

pared^ by carefully calcining clean knuckle-bones. The crude bone-ash

is crushed through a 30-mesh sieve, and recalcined. Caustic lime and car-

bonate of lime are next removed by lixiviation with ammonium chloride,

and the bone-ash, after thorough washing and drying, is graded by sieving,

and is then ready for use. The old German assayers of the 16th century

used a mixture of two parts of wood ashes and one part of bone-ash, chiefly

on account of the scarcity of bone-ash.^ For this mixture, it was necessary

to use well-boiled beer, or white of egg or a solution of glue, to make the cupel

coherent, but pure bone-ash coheres if water alone is used to moisten it.

Sometimes the surface of the cupels consisted of pure bone-ash.

In order to test the effect of the size of the particles of bone-ash on the

absorption of silver and gold, the author made the following experiments.

^ Bettel, Chem. Met. and Mng, Soc. of S. Africa, 1899, 2, 599.

^ L. Broker, Erszt und Bergwerksarten, Frankfort, 3580, Bk. i., Chap, v.
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Cupels were made from (a) “coarse” bone-ash, between 20 and 40 mesh
;

(b) “ fine ” hone-ash passing a 120-mesh sieve
;

(c) “ ordinar}^ ” bone-ash,

with the following screen analysis :

—

On 20-mesh sieve,

„ 30-mesh ,,

„ 40-mesh „

„ 60-mesh „

,, 80-mesh ,,

„ 100-mesh „

„ 120-mesh „

„ 140-mesh „
Through 140-mesh „

0 per cent.

. 0*25

. 3*30 „

. 2M0 „

. 9-45 .,

. 14*95 „

. 19*20 „

. 3*90 „

. 27*85 ,,

100*00

Charges of 0*5 gramme silver were cupelled with 4 grammes lead, with and
also without 0*04 gramme copper. The average losses of silver by absorption

were found to be as follows :

—

Loss of Silver per 1,000.

Jn Presence of In Absence of

Oo])pcr. (Jop])er.

Coarse bone-ash, . • . 10*45 9*52

Ordinary bone-ash, . . . 11*42 9*10

Fine bone-ash, . . • . 9*75 8*90

The coarser the bone-ash, the more readily the piills were detached from the

cupel. The loss of gold, similarly tested, was identical in the thretj cases.

These results appear to show that the si^e of the pai'ticles of bone-ash is

not of much importance, if they are small enough to pass a 20-mesh sieve.

Magnesia, or rather a mixture of magnesia, lime ajul some silica, was
introduced a few years ago, as a substitute for bone-ash. It is strongly

calcined, and does not absorb acid fumes. The cupels require to be made
under high pressure, and should be ])aked at a liigli temperature before use.

They are then as hard and strong as fireclay. Magnesia absorbs and holds

less litharge than bone- ash does. For the absorption of gold l)y these cupels,

see below (p. 509).

The cupels having been sufficiently heated in the muflie, the lead buttons

obtained as described on p. 499 are charged in by the tongs (A, Fig. 209).

The buttons collapse and lose their shape in a few seconds if the temperature
is sufficiently high, but the molten mass formed is covered l)y a black crust

for some time later. The crust then breaks up, and the brilliant surface

of a liquid bath is seen. The muffle door should be closed immediately
after the charging in is completed, and kept closed until all the assays have
thus “ uncovered.” The door is then opened a little way to let in a current

of air by which the lead is oxidised, and the litharge, floating to the edge of

the bath, is absorbed by the cupel, together with the oxides of other i)ase

metals, which are not taken up by bone-ash if they are in a state of purity.

Uncombined metals are not readily absoiLed by the cupel, and only ti'aces

of gold and silver are carried into it by the litharge (see below, p. 508).

As the cupellation advances the lead bath is reduced iu size by oxidation

and absorption of the oxides
;

rcvldisli patclies float slowly over its surface,
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a^ppearing earlier in the richer assays
; it becomes more convex and brighter

;

the red spots move more quickly and finally whirl round with great speed
and then disappear

;
moving iridescent bands take their place for a moment

and then disappear likewise, and the bead becomes suddenly much duller

in appearance, thus indicating that the cupellation is at an end. The cupels

may then be removed from the muffle, provided the ore is poor or has little

silver in it. It must, however, be remembered that silver absorbs oxygen
when molten and gives it ofi suddenly when solidifying, so that if the bead
weighs more than 0*01 gramme (Eivot) little fountains of metal are thrown
up, and some part may be projected out of the cupel. This “ sprouting,”
‘‘ spitting ” or ‘‘ vegetation ” may take place in argentiferous-gold beads
if the gold does not exceed one-third of the silver (Levol). At the Eoyal
Mint it is found that a still larger percentage of gold does not prevent spitting

unless a trace of copper is present. Where spitting is to be feared, there-

fore, the* cupel containing the silver bead is covered with a red-hot empty
cupel, and is withdrawn gradually from the muffle so that the bead may
cool slowly. Sprouting is avoided in this way. When the beads are very

large (0*2 gramme or more) the muffle is closed and luted up and the fire

allowed to die down as in the assay of silver bullion.

A

E

e«NS.

t
'

Fig. 209.^—Assay Fiiruace Tools, Eoyal Mint.

When cooled the beads often ‘‘ flash ”

—

i,e., brighten suddenly at the

moment of solidification. This is due to the fact that the latent heat of fusion

being released raises the temperatmre of the bead enormously, the metal

having been in a state of surfusion at a temperature many degrees below its

melting point. The flashing of small beads can rarely be observed.

The proper temperature for cupellation of lead buttons obtained from the

fusion of gold ores is the same as those for silver ores.

Vauquelin, perhaps the earliest writer on the temperature of cupellation,

observes that the lead is to be charged in when the cupels are seen to be
“ rouge h^kement blanc,” and that during cupellation the fumes of litharge

rise and wind about in the interior of the muffle. This appears to correspond

to a temperature of the muffle walls of about 900°. He proceeds to state

that the heat is too great if the colour of the cupels is white, the fused metal

is seen with difficulty, and the fumes, scarcely visible, rise rapidly to the vault

of the muffle without winding about (say 3,000°). If the fumes appear

1 Eeprocluced from Percy’s MetaUuvtjij of Hihm' and Gokl^ by liind i)ermission of Mr.
John Murray.

^ Vauquelin, Manuel Coniplet dc VEmiyem\ Paris, Tan vii. (1800), New edition, Paris,

1830, p. 45.
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heavy and dark, moving sluggishly in a direction almost parallel to the bottom
of the muffle (say S00°), the temperatae is too low. These correct observa-

tions have been repeated by Mitchell, Percy and most other writers since

Vauquelin. Litharge scales form on the cupel if the temperature is too low.

The lowest temperature at which litharge is absorbed by a cupel, accord-

ing to Fulton^ and the author,^ is about 840°. This is accordingly the

minimum temperature for the cupel. The air above the cupel may be cooler.

Good soft lead uncovers when the air in the muffle is at a temperature of 675°

only, according to the author’s measurements, but the temperature of the

lead bath itself must be above 840°, or, according to Fulton, may vary from
797° to 862°. As soon as the lead uncovers and has begun to oxidise rapidly,

its temperature rises, and the temperature of the muffle may be allowed to

fall, until it is only 770° (Fulton), but it should be raised again at the finish

of cupellation. Fulton observed that silver cupellation finishing as much as

77° below the melting point of silver yielded pure silver beads, but recommends
a minimum temperature of 910°, corresponding to a temperature for the walls

and floor of the muffle of somewhat above 850°, a cherry-red heat. When
antimony, iron, etc., are present, the temperature must be much higher,

and time is saved in all cases by using a higher temperature at first, but the

losses are then greater. The muffle should be at a full red heat, the cupel

dull red, and the melted lead much more luminous than the cupel
;

the

fumes should rise slowly to the crown of the muffle. Many assayers prefer

to finish the cupellation at a temperature low enough to enable crystals of

litharge to form in a ring round the cupel—that is, at about 800°—but it

is doubtful whether there is any advantage in this. The temperature must
be rapidly reduced at the finish by bringing the cupel towards the front

of the muffle, and even then the feathers are not readily formed unless the

cupel is almost saturated with litharge. It is probably better that the litharge

should be completely absorbed.

If the assays are long in uncovering they may sometimes be started by
dropping on them a little charcoal powder wi’apped in tissue paper, or, still

better, by placing a piece of charcoal near them. If one freezes before com-
pletion it is restarted in the same way, or fresh lead is added or the tempera-

tee is raised, but the results are not good. Spirting or '' spitting ” of the lead

may occur, due to the use of raw cupels, or of cupels which have been made
with too much pressure, or to the presence of sulphur, arsenic, etc., in the

lead.

The bead thus obtained should be well rounded and bright, loosely adherent

to the cupel and slightly crystalline although mallcai)le. If it contains lead

it is more globular and biittle and its surfacte is very brilliant, while it does
not adhere at all to the bone-ash. If coj)pcr is present in large quantities,

the bead adheres firmly to the cupel, and in extreme cases its surface is

blackened. Rhodium and iridium occasion black patches at the bottom of

the bead
;
platinum makes the surface of the head crystalline and rugose

if it is present in sufficient quantity to prevent flashing.'^ If the bead cracks

on being flattened Van Riemsdijk recommends a second cupellation with
some more lead and 10 per cent, of cupric chloride. In this way the metals
with volatile chlorides are eliminated.

^ Fulton, Western Okenmt and MctaU>ur<jui^ 1908, 4, 47.
® T. K. Bose, Trans. Inst, Mnq. and Met,, 1909, 1

8

, 403.
® For the effect of small qizantitles of the x>la'tinum metals on the microscopic structure

of the bead, see 0. 0. Bannister and G. Patchin, Trans. Inst. Mng. and Met., lfU.4, 23 ,
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Influence of Base Metals on Cu^ellation ^—Iron.—Its oxide is not readily

fusible with lead oxide : the button is long in melting, and a brown scoria

is sometimes left on the cupel, which may entangle lead globules and so

contain gold. The lead may contain about 4 per cent, of iron, without the

formation of any scoria. The cupel is stained dark red, and is moderately

corroded.

Zinc burns with a brilliant green flame at first and volatilises
;

it forms
a voluminous white or pale yellow scoria. The cupel is deeply corroded.

Tin gives a brown scoria if it constitutes more than 3 per cent, of the

lead button. In all cases it floats to the top, oxidises, and forms a floating

scoria which delays cupellation, but is subsequently carried of by the litharge.

The cupel is stained pale brown.

Coffer carries gold into the cupel and is usually not wholly removed
from the bead. The cupel is stained green if a small quantity of copper is

present, and dark brown or black if the quantity is large. If the quantity

of lead is' not enough to remove the whole of the copper from the prill, the

latter spreads out and adheres to the cupel.

NicJcel and Cobalt are not so easily carried into the cupel as copper : they

form a black scoria.

Antimony does not interfere if less than 2 per cent, is present. If 4 per

cent, is present, a slight yellow scoria is formed, and the cupel is stained

dark brown.
Arsenic at first bmms with a blue flame and causes spitting. After a

few minutes the flame turns greenish-white, and becomes very brilliant.

The cupel is stained pale brown, and if 4 per cent, of arsenic is present, there

is much pale brown scoria.

Manganese causes black stains and deep corrosion of the cupel, and forms
a black scoria. The lead boils and spits.

Chromium gives a brick-red stain and a black scoria on the cupel, and
aluminium a grey scoria

;
both these metals delay the course of cupellation.

Chromium causes deep corrosion.

Cadmium causes a black sooty ring to form inside the cupel near its margin.

When cupellation begins, the action is very violent, a yellowish-red flame is

seen, followed by much spitting and the appearance of large red-hot scales

floating on the lead. Oxide of cadmium is not absorbed by the cupel.

Tellurium is absorbed quietly, but whitish fumes appear, which give

the bath a greenish-white appearance. The cupelled bead is sometimes,

but not often, subdivided. The cupel has a brown stain in a ring round

the litharge stain, but there is no scoria.

S. W. Smith has shown ^ that tellurium is slowly removed into the cupel

during cupellation, and if there is not enough lead to carry it off, so that

towards the end the tellmium becomes equal in amount to the gold or gold

plus silver, then the surface tension of the globule breaks down completely

and the alloy spreads over a wider area, ‘‘ wets ” the cupel and is completely

absorbed. The lead should be 80 to 120 times as much as the tellmium to

obtain good results in cupellation. The loss of gold by cupel absorption

is then small.

^ See “Notes on Cni>ellatioii and Parting,” by T. K. Rose, J. Ghcm, Met. and Mng.
Soc. of >S'. Africa, 1905, 5t 105. The effects noted below are due to the presence in the lead of

4 per cent, of the base metal in most cases.
* 8. W. Smith, Trans. X'list. Mng. and Met., 1908, I7» 463.
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Selenium gives brown fumes, which change to blue fumes at a little dis-

tance above the cupel. The effect on the cupel is similar to that of tellurium,

but the brown stain is less pronounced.

Molybdenum causes slight boiling of the lead. The cupel is stained pale

brown, and very deeply corroded, but there is no scoria.

Vanadium gives a dark red stain, and causes remarkably deep corrosion

of the cupel, but leaves no scoria.

Thallium gives a pale brown, and bismuth an orange stain. Neither of

these metals leaves a scoria.

Silicon gives a voluminous yellow or white scoria, which delays cupel-

lation, and is left on the cupel

Losses in Oufellation.—The loss during cupellation by volatilisation was
proved to occur by Makins, but is insignificant. The absorption by the

cupel is more serious. Rivot states that gold is oxidised to some extent

at a red heat in the presence of antimonic oxide, litharge, or cupric oxide,

and that it is the oxidised part which is absorbed by the cupel.

Still heavier losses may be caused by large amounts of scoria, in which
the whole of the gold and silver may be retained in the form of minute beads,

impossible to collect except by scorification with fresh lead. Small losses

are sometimes caused by spitting, but these are usually trifling, as the spitting

ceases before the lead bath becomes rich in gold and silver.

In some experiments made by the author,^ the exact losses due to the

presence of base metals were determined. In each case 25 grammes of lead

were cupelled with 1 milfigj-aminc of gold, i milligrammes of silver, and

1 gramme of the impurity. Bone-ash cupels made at the Royal Mint were
used. The results were as follows :

—

Nickel and chromium caused total loss in each case, due to scoria.

Silicon occasioned losses amounting to between dU and 50 per cent., due to

scoria.

Per cent. Per cent.

Tin, . Loss, gold, 2-0
;

silver, 13-9. Slight ring of scoria.

Zinc, . 9-3 „ 17-G. Much scoria.

Cadmium, . „ 3-5 „ 13-1. Ring of black feathery scoria

Arsenic, 3-y „ J6-3. Much scoria.

Antimony, . » 5-3 „ 13-2. No scoria.

Manganese,

.

„ 13-6 „ 24-3. Scoria.

Iron, . d-0 „ 10-G. No scoria.

Oop'per, „ lO-O „ 32-G.

Bismuth, =, 21-8 „ 27-9.

Thallium, . „ 23-1 „ 34-4.
3 ?

Molybdenum, » 11-0 „ 26-2.
3 ?

Vanadimn, 7-7 21-7.

Tellurium, . » 55-8 „ 67-9.
33

Selenium, . „ 54-1 „ 64-5.
3 5

The losses in cupellation under the same conditions as to temperature,
air supply, etc., and using similar cupels, but with pure instead of impure
lead, were 1*2 per cent, of gold and 12*8 per cent, of silver. In no case was
proof afforded of any loss by volatilisation. Practically the whole of the

^ T. K. Kofie, tor. r/t.
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missing gold and silver was recovered by fusing the cupels when tellurium

and selenium were present. The percentage losses observed in these experi-

ments appear very large, but it must be remembered that the absolute

losses were very small. It will be observed that the formation of a scoria

was not necessarily accompanied by a heavy loss of gold.

The percentage losses are much smaller when the beads are larger. Thus
E. A. Smith ^ found that the loss on 5 grains of silver (= 324 mgs.) when
cupelled with 175 grains of bismuth was 4*6 per cent., against a loss of 1*88

per cent, when lead was substituted for bismuth, and Ricketts ^ observed

a loss of 2*3 per cent, on the crucible assay of a lead ore containing 2,260 ozs.

of silver per ton.

Lodge records ^ that the loss in cupelling 200 milligrammes of gold with

10 grammes of lead ranged from 0*15 per cent, at 775° to 2*99 per cent, at

1,075°. The addition of 0*05 gramme of copper increased the loss of gold

from 0*15 per cent, to 0*25 per cent. In these cases the gold beads were appar-

ently weighed without being parted.

The absorption by the cupel varies with the temperature and with the

quality of the bone-ash, as well as with the amount of the impurities present.

Crosse ^ observed a loss of 5 per cent, in cupelling small amounts of pure

gold with test lead. T. L. Carter ® found losses up to 10 per cent, of gold

with a particular set of cupels. The author compared the absorption of gold

and silver at about 900° (the temperature of the air near the cupel) by
magnesia cupels with those of two samples of bone-ash cupels with the

following mean results :
—

®

TABLE XLV.

Losses per Cent, in Cupellation.

Charges.

Magnesia Cupels.
Bone-ash

Cupels, “A.”
Bone-ash

Cupels, “B,”

Gold,
Silver,

Lead

,

0-001

0*004

25

gramme, . . . )

” • '
•

[

grammes, . . )

Gold, 1'9

Silver, S-3

1-2

12-2

7-8

27-1

Gold,
Silver,

Lead,

0-001

0-008
gramme, . .

.
j

Gold, 1-4 0-9 5-2

10 grammes, . . 1

Gold, 0-5 gramme, . . . )

Silver, 1-25 grammes, . . > Gold, 0-060 0-055

Lead, 4
1

Silver, 0-5 gramme, . . . )

Silver, 1-21 0-99
Lead

,

4 grammes, . . {

Generally speaking, the absorption by magnesia cupels is less than by
bone-ash. Whatever cupels are used, the absorption should be tested fre-

quently.

1 E. A. Smith, J. Chem. to., 1894, 65, G24.
2 Ricketts, Note^ on AHmfjinr/, 1807, p. 110,
® liodge, Note.H on Aamyimj, 1905, p. 142.
^ Crosse, J. Chem. Met. ami Mmj. Sog. of Africa, 1808, 2, 325.
5 Carter, A’w//. and Mn//. J., May 24, 1902, p. 728.
® T. K. Rose, J. Chem. Met. and Mm/. Soc. of 8. Africa, 1905, 5» 105.
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Losses of gold, and especially of silver, are greater at a high temperature

than at a low one. This is illustrated by comparing the following mean
results of experiments, in which the bone-ash cupels “ A ” were used, with

the results in the table given above :

—

TABLE XLVI.

Charges.

Gold, 0*001 gramme,
Silver, 0*006 ,,

Lead, 25 grammes,
Gold, 0*001 gramme,
Silver, 0*010 ,,

Lead, 25 grammes.
Gold, 0*010 gramme,
Silver, 0*080 ,,

Lead, 25 grammes,

Losses in Cupel! atioii at 700°. i

i

Gold, 0*45 per cent.

Silver, 8*6 ,,

I Gold, 0*39 ,,

f vSilver, 4*5 ,,

) Gold, 0-074 „
Silver, 2*5

,,

(3) Inquartation and Parting.—The bead of silver and gold obtained

by cupellation is squeezed between pliers, or flattened with a hammer on a

clean anvil, to loosen the bone-ash adhering to its lower surface, and is then

cleaned with a brush of wires or stiff bristles. It is then weighed, the silver

removed by solution in nitric acid, and the weight of the residual gold taken,

when the difference between the two weighings represents the silver. If the

bead contains more than one-fourth its weight of gold, more silver is added
to it, as otherwise some of the silver will remain undissolved, being protected

from the action of the acid by the outer layers of gold. The amount of silver

to be added is calculated from the (approximately) known composition of

the bead, or guessed from its colour. A pale yellow bead always contains

more than 60 per cent, of gold, but a perfectly white bead may not “ part
”

completely. The addition of the silver is sometimes effected in the case of

small beads by fusion on charcoal by the blowpipe, but it is better to cupel

the bead with the additional silver, wrapped in as small a piece of lead foil

as possible. This is called inquartaimi"^ The resulting bead is cleaned,

flattened by a hammer, and dropped into boiling nitric acid of about specific

gravity 1*10.

Even if the gold is less than one-fourth the weight of the bead, additional

silver is sometimes required. When the amount of gold is small, it is con-

venient to use a large proportion of silver in parting. Suitable proportions

of silver for different weights of gold are as follows —

Weight of Gold.

Less than 0*1 mg.,

About 0*2 mg.,

1-0 „

„ 10 mgs.,

More than 50 mgs.,

Uatio of Silver to Gold.

. 20 or 30 to 1

. 10 to 1

. 6 to 1

. 4 to 1

. 21 to 1

With these proportions, the gold does not break up if boiling acid is used.

^ This was the temperature of the air near the cupels.
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If muck less silver is added, parting is incomplete or is not complete except

after prolonged (20 to 30 minutes) boiling in acid.^

A. Wkitby considers ^ tkat for 1 mg. of gold about 4 mgs. of silver should

be used, and for 0-1 mg. of gold about 1*2 mgs. of silver. He states tkat the

beads break up entirely or partially if" larger amounts of silver are used.

It is probable, however, that ke is referring to parting which has been begun
by dropping the beads into acid at a temperature below the boiling point.

The 'parting is effected in a test tube or a porcelain crucible if the bead
is small, in a “ parting ffask ’’

if large. Nitric acid of specific gravity about
1*10 is used for flattened beads containing a large proportion of silver, but
if the ratio of silver to gold does not exceed four or five to one, acid of specific

gravity 1*20 may be used (made by mixing equal volumes of strong acid

and water). There is little advantage in using more dilute acids than that

of specific gravity 1*20 for any alloys. The freedom of the nitric acid from
chlorine is ensured by adding to it a little spent acid containing some nitrate

of silver. In all cases the acids must be previously heated to boiling, as the

gold does not in that case break up into such fine particles as if colder acid

is used. The acid attacks the bead instantly and violently, tmming it black

and giving off nitrous fumes. Little beads containing only a small propor-

tion of gold are dissolved in a few seconds, and decanting may be at once

proceeded with, but the boiling is usually continued for a minute or two.

If the amount of gold is large, the boiling is continued for some minutes.

Ten minutes boiling is enough for 10 mgs. gold and 40 mgs. silver. The acid

is then poured off, the residue washed twice with boiling water by decanta-

tion, and if the bead is very large fresh acid is added of specific gravity 1*20,

but with the beads from almost all gold ores no second treatment with acid

is required. If a second acid is used, it is boiled for a few minutes, when
almost all the silver will have been dissolved. A very small amount of silver,

weighing from 0*05 to 0*1 per cent, of the gold, obstinately resists the action

of the acid, and remains as a surcharge which may be neglected in almost

all ores. The gold usually remains as a single piece if it weighs less than
0*1 mg., even if the proportion is only one part of gold to 40 to 50 parts of

silver. If the ore is rich, the gold sometimes, though rarely, breaks up if

hot acid is used, and invariably breaks up if the parting is begun with cold

acid. The finer particles may float and be lost in decantation. Particles

floating on the surface may be sunk by touching with a glass rod or by a

drop of water let fall on them. Continued heating of the gold in acid makes
it agglomerate to some extent, so that it is easier to wash.

After the final decantation of the acid and washing twice with hot water,

the water is drained off and the porcelain crucibles dried at a gentle heat,

and then gradually raised to dull redness. The gold which was previously

black and soft, being in a fine state of division, now resumes its usual yellow

colour, and hardens so that it can be removed to the pan of a balance and
weighed. At a bright red heat the glaze in many porcelain crucibles softens

and the gold sticks to it. Excessive heating must, therefore, be avoided;

an ordinary Bunsen flame answers very well

If a parting flask or test tube is used for the boiling, the parted gold

^ T. K. Rose, Loo. oit. If the addition of silver is known by previous work on the ore

to be necessary, it may be added to the charge in the crucible or to the lead during the
original cupellation. In this case, if it is essential to determine the silver in the ore,

the exact amount of silver added must be allowed for.

2 Whitby, J. Chcni. Mot. and Mwj. Soc. of Africa, 1905, 5. 256.
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is transferred to an unglazed Wedgwood crucible. To effect this the flask

is filled with water, and the crucible placed over its mouth. On inverting

both together the gold falls into the crucible, and the flask is removed in

such a way as not to disturb the precious metal. The water which has filled

the crucible is then poured off, and the crucible heated as before.

The chief difficulty in parting by the last-named method is encountered

in transferring the gold from the glass vessel to the Wedgwood crucible

;

minute particles of gold may adhere to the glass and are then left behind.

The loss of these is the cause of the low results occasionally observed when
this method is used. If the glazed porcelain crucibles are used for both

boiling and annealing, no transference from one vessel to another of the

gold in its soft state is necessary, so that the source of error mentioned above

is avoided. On the other hand, the difficulty of boiling the acid in a small

porcelain crucible without sustaining loss by projection may prevent the

assayer from continuing the boiling for a sufficient length of time, and some
silver may thus be left undissolved ;

in consequence of this the results obtained

are sometimes too high by as much as 1 or 2 per cent, of the weight of the

gold. Such errors would, however, be inapprecia]>le in the assay of poor

ores, and are the less serious for the reason that all the other sources of error

(unclean slags, absorption by cupel, etc.) tend to make the result too low.

The danger of loss by projection is avoided by using watch-glass covers,

for the crucibles. The latter are heated on clean asbestos sheets, not on sand

baths. By assaying an accumulated stock of parted gold deiived from ores,

it was found at the Royal Mint by J. Phelps that the amount of silver retained

by the gold when parted in crucibles as described above (p. 511) is about

0-2 per cent.

To prevent ‘‘ bumping,’’ one or two small pieces of cajflllary glass tube

or of clay pipe or other porous body are sometimes put into tlie acid together

with the alloy to be parted, but, as a general rule, it may be assumed that

parting is finished when bumping begins.

Whatever method of parting is used when large pieces of silver or copper

containing very little gold are parted, very finely divided gold may remain
suspended in the liquids, and may thus be lost in the course of decantation.

Loss by decantation after parting may be reduced l:)y adding a glol)uIe of

mercury free from gold, and stirring with a glass rod until all the black

particles of gold have been absorbed. The spent acid is then poured of! and
fresh nitric acid of density 1*2 added. On gently wanning, tlie mercury is

slowly dissolved and the gold remains as a coherent spongy mass. It is washed
with nitric acid and then with water, glowed, re-iieated with concentrated

nitric acid, washed, re-heated, and weighed. A little mercniry n^mains with

the gold.

By the operation of parting, silver, palladium and some platinum arc

removed in solution, but part of the platinum, and all the rhodium, iridium,

etc., remain with the gold. If the presence of these metals is suspected they
must be looked for and removed by special methods {vide infra, p. 525).

(4) Weighing the Gold.—The balance should turn with nulligrainmc

at most, and there is an advantage in using still more sensitive balances.

A unit of 0*005 mg. corresponds to 2*4 grains per ton if 1 A.T. of ore has
been taken, and 0*2 grain per ton if 12 A.T. have been taken. Great care

must be exercised in placing the balance, to avoid vibration fi*om macliineiy,

traffic, etc. In certain cases the foundation must be laid at a depth of many
feet and a column built for the support of the balance. The column should
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then not be allowed to touch any part of the superstructure. Balances are

made with more care than weights, which are almost always inaccurate when
received from the manufacturer. Small weights often difier from their stated

value by 5 per cent., or even more. For this reason riders of 5 mgs. and
0*5 mg. should be used, the smallest weight used in the pan being 5 mgs.
The errors on riders are reduced according to their position on the beam.
At a distance of one-tenth of the half-beam length from the centre, the error

of the rider is reduced to one-tenth of its full amount. The rider must fit

the beam so that it always lies in a plane perpendicular to it. The value

of each division on the ivory scale is made, as nearly as possible, equal to

0*1 mg., 0*05 mg., 0*01 mg., or 0*005 mg., according to the sensitiveness of

the balance, and the divisions are divided into 10 parts by the eye with the

aid of a lens. The rider is always placed exactly on a subdividing mark on
the beam, which should be nicked.

If riders are used, as suggested above, the difficulties due to errors in

weights are reduced
;

but, if great accm^acy is required, the riders must be
examined, and, if necessary, adjusted by the assayer. It is necessary that

the riders should be in concordance with the assay-ton weights. It may
generally be assumed that the assay-ton weights and the 1 grin, or 0*5 gnn.
bullion assay weight are in agreement when received from the manufacturer.

The errors on weights of 1 A.T. (29*166 grms.) or of 1 grm. rarely exceed

0*01 per cent. The assumption that these weights are correct involves a

possible error of only 0*02 per cent., and this corresponds to only 0*1 grain

of gold per ton on a 20-dwt. ore, and 0*01 grain of gold per ton on a 2-dwt.

ore, amounts wffiich are inappreciable. It is enough, therefore, to see that

the rider bears the correct ratio to the gramme weight. This must be ascer-

tained by building up a set of w'eights from 1 mg. to 1,000 mgs.

The weighings will be sufficiently accurate if they are made on a balance

in which the divisions on the ivory scale are each equal to 0*005 mg. These
divisions are divided into ten parts by the eye. Care must be taken to avoid

unequal heating of the balance case. This can be watched if two thermometers
reading to 0*01° C. are kept in the case—one near each end of the beam.

In reading the indications of the balance, parallax is avoided by applying

the eye to a pin-hole in a card fixed at about 12 inches from the ivory scale.

A swinging ivory scale fixed to the beam and passing across a thread in a

telescope gives still more exact readings. The position of rest of the balance

is given by the formula, or, with greater exactness, by
I I

^
-1 1, where 1^, are successive positions of arrest (end

li 2 /<2 + I
2

of swing) of the balance, li and Z3, on one side of the middle of the scale, and
Zg and Z4 on the other. If the middle of the scale is taken as zero, and Z^

will be negative.

The riders must be of platinum or aluminiimi. Brass riders increase

in weight, and gilded brass riders oxidise and increase in weight still more
rapidly. Some gilded brass riders at the Royal Mint increased in weight

[rom 5*0 mgs. to 5*025 mgs. in six months. Platinum riders, if too light,

may be gilded in a cyanide bath, but light aluminium riders must be rejected.

Any rider may be reduced in weight by light rubbing on a sheet of ground
glass, or by other mechanical means. The error on a rider can in this way
be made less than 0*005 mg. without difficulty, but, if greater accuracy is

desired, it saves time to determine the error of the weight and to apply it

as a correction to the result of each assay.

33
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Tlie gold can be weighed by the method of substitution by which the

bias of the balance is eliminated. The principle of this method is to counter-

poise the gold, then to remove it from the pan, and compensate for the loss

of weight by a rider. If direct weighing is preferred, the position of rest

of the balance when the pans are empty is determined, the gold is put in the

pan, a rider put on the beam in such a position as to equalise approximately

the effect of the weight of the gold, and then the position of rest again deter-

mined. The method of swings is always used to determine the position

of rest, disregarding the first swings. An example is appended.

A. Position of Rest of Empty Balance,—The swings, after the first two,

are in succession -f 3*4 divisions of the index, — 2*7 divisions, + 3*2 divisions.

(Plus divisions are always reckoned on the side where the weights are })laced,

minus divisions on the side where the gold is added.) The j)osition of rest

or true zero is ^ ^ Q .3 division. This determination

is repeated after the parted gold assay pieces have all been weighed.

B. Value of the Division.—A weight of, say, 0*1 milligramme (by

means of a rider) is placed on the weight side, and the previous work
repeated. The swings are — 2*1, 4- 0*4, — 2*0, and the new position of

rest is 4 0*4
2*1 4 2*0

)
™ — 0*8, and 1*1 division = 0*1 milligramme.

This value does not alter much from day to day.

G. Weight of Parted Gold.—The gold is found to require about 1 milli-

gramme to counterbalance it, and the swings are now — 4*6, 4 0*2, — 4*4.

The new position of rest is I ^0*2 =^ —-2*15. The gold,

therefore, weighs 1 — ^2*45 x niilligranune—thatis, ()*777 inilligranuiie.

By weighing in this way 3‘esults correct to 0*1)02 mg. arc easily obtained

by using the best assay balances in which the value of the scale division is

0*005 mg., and still greater accuracy is attainable by weigliing the gold in

each pan in succession and by taking means of a number of observations.

Examination of Assay Materials.—The fluxes are usuaJIy free from the

precious metals, but the litharge, red-lead and gra-nulatecl lead contain a
small amount of silver and less gold (sec p. 75). 4'hese ai‘e estimated by
fusion with charcoal (or in the case of granulated lead by sc.orifi(*.ation) and
cupellation. To prevent errors due to “ salting/’ whicfi may occur accidentally

in an office where gold l)ulIion or residues a,re iiandled, it is a,dvisable to run
a full blank charge at least once a, wcjck.

Examination of the Cupel.—When rich ores are a,ssa,}'(>{!, apprecialile

quantities of gold ai’c carried into tlic <aij)el, cspe(*ially if cert a, in l)ase metals
(see above, p. 508) are |)resent in the !ea,(l button. To assay the cupel, all

clean bone-ash is detached and thrown away, u.nd the renminder c-rushed

so as to pass through an 80-mesh sieve, and the (charge nmde up as follows > -

Cupel, 20
Pliioi’spai*, . . . . .15
Sand, . . . . . .15
Sodium carbonate, . . . .20
Borax, . . . . . .10
Litharge, . . . . .25
Charcoal, ..... ]

Salt cover aird hoop iron.

gi’a mines.
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Or, according to Lodge,

^

Cupel, . 30 grammes.
Litharge, . 50 „
Borax glass, . 20 „
Sand, • 5 „
Argol, • • • 2| „

According to the author’s experience, when fluorspar is omitted the slag is

pasty, and loss of lead tends to occur in pouring. The fusion is made in a

•clay crucible, and the resulting button of lead cupelled. The slag of the

•original fusion may be cleaned by adding it to the charge, when less fluxes

will be required.

B. A. Smith gives the following charge for fusing magnesia cupels :
—

^

Cupel (magnesite), . . 40 to 60

Sodium carbonate, . .20
Borax, .... . 20
Litharge, . 40
Silica, .... . 15

Argol, .... 2*1

Assays in Field-work.—Bough determinations of the value of gold ores

by the methods described above may be made in prospecting or examining
expeditions with simple apparatus, using a blacksmith’s forge fire, as a source

of heat for fusion and cupellation. S. K. B]*adford describes ^ a portable

.assay outfit which can be packed in a valise 26 inches long. He measures
the cupelled beads of gold-silver and of parted gold by Wagoner’s method
(see below, p. 518). The fusion and cupellation are carried out as usual.

See also ‘‘Assay by means of the Blowpipe,” p. 495.

Assay by ScoEmcATiON.

As stated above, this process is especially applicable to (a) complex
ores, (b) very rich ores, (c) ores which are mainly valuable for their silver

contents. The losses are small and the operations are easy to conduct, and
need not be varied much for diflerent classes of ore. For these reasons the

process is preferred to the crucible process by some assayers
;

if the ore is

poor several assays are made and the lead buttons scorified together. The
chief disadvantage of the process lies in the small quantity of ore that can

be treated, so that the presence of one or two metallic particles of gold may
cause the result to be erroneous.

Scorification is conducted in a mufile at a much higher temperature than

that required for cupellation. It must be high enough to melt litharge when
contaminated by silica and oxides of copper, iron, manganese, etc. A tem-

perature of 1,050° to 1,100° C. is usually enough. The charge is placed in

a scorifier, a shallow circular fireclay dish 2 to 3 inches in diameter, which

is charged in by the tongs shown at B, Fig. 209. The charge consists of about

50 grains of ore (or A.T.), 500 to 1,000 grains of granulated lead, and a

^ Lodge, on Aamijing, 1005, i3. 57.

^ K. A. Smith, The and Amtjf of the Pmno'm p. 180.

^ Ih’iidford, Tnois. Ainer. fnat. Mug. Eng.^ 1010, 41 , 5()1.
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few grains of borax glass.^ The ore is mixed with half the granulated lead^

the mixture put in the scorifier and smoothed down, the rest of the lead spread

over evenly and the borax put on the top. An addition of some litharge

to the cover is often made. The amount of lead to be used varies with the

nature of the ore. Ricketts and Miller give the following table ^ as a guide :

—

TABLE XLVII.

For One Part of Ore take

Cliamcter of Gaiig'ue.

Parts of Granulated
Lead.

Parts of Porax Glass.

Quartzose, . 8 to 10 0
Basic, . 8 to 10 0-25 to 1-00

Galena, G 0-15

Arsenical, . IG 0-10 to 0-50

Antimonial, IG 0-10 to 1-00

Fahlerz, 12toiG 0*10 to 0*15

Pyrite,

Blende,

10 to 15 0*10 to 0*20

i

10 to 15 0*10 to 0*20

Telluride, .

*

f

*

1

IGtolS
1

0-10

and a cover of litharge.

The borax lessens the corrosion of the scorifier and renders the slag more
liquid, but its quantity is kept as low as possible to prevent the slag from
completely covering the bath of metal too soon. After charging in, the door

of the muffle is closed until fusion takes place. As soon as the lead is melted

the door is opened, and a current of air allowed to pass over the bath of

metal. Some of the ore is now seen to be floating on the siii’facu of the lead,

and is rapidly oxidised, partly by the ah’ and partly by the litharge which

immediately begins to form. The sulphur, arsenic, antimony, etc,., are tlms

soon eliminated, while copper, iron, and other bases oxidise and slag olT with

the borax, and the silica and other acids form fusil)le compounds with the

litharge. Effervescence and spirting may occur, es|)ccially if the scoi-itier

has not been well dried by warming before it is used. Idie slag soon forms
a ring completely encircling the batli of metal. As oxidation of tlie lead pro-

ceeds, the litharge flows to the sides and increases tlie (|uant,ity of slag until

at length the ring closes comj)Ictely over the metal, leaving a flat uniform
surface. This usually happens after iVom thirty to forty minutes. The slag

should be “ cleaned ” before withdrawal, ''.riiis is done by phicing ‘1 grains

of charcoal powder wi‘ap])ed in tissue paj>er on the sui-fac-c of tlie slag, with a

pair of cupel tongs, and closing the mullle door. A number of globules of

lead ai’e formed by the reduction of the litharge, uihI tliese, faJling through
the slag, extract and carry down with, them any gold aaid silver which it may
still contain, and concentrate them in the molten lead below. The fusion

being quiet again, the charge is poured into an iron mould with the scorify-

ing tongs, and tlie lead button cleaned fi’oni slag with a hammer, if the

^ Ly the use of n flatter scorifier than is usually made, or oven l)y usiii.^C a roastiu,i( dish,

i A.T. of ore may l)e taken with a eharj^e o! 75 ^^ramme.s of lead! 'E. Ji. Siinonds, ('a/,

and Minrrah, 181)0, p. 220.
® Ricketts and Miller, Notm mi Amyrnm 1807, p. 00.
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button is too large to cupel at once it is re-scorified in the same dish, fresh

lead being added if it is not soft and malleable.

The slag from the scorifier should always be separately re-treated in the

•case of very rich ores, but seldom contains much gold.

The losses incurred in this process are chiefly due to improper tempera-
tures. If the muffle is too cold at first, gold is retained by the slag. This
initial low temperature is often indicated by the occurrence of white patches
of sulphate of lead on the surface of the slag after poming.^ If the slag is

pasty, borax is added, but the slag is then rich. It is better to begin again

with less ore or more lead. When extremely rich sulphides are assayed,

results are often obtained which do not agree well. Stetefeidt ^ recommends
in all such cases that the sulphides be attacked by nitric acid and the residues

dried and scorified.

Lodge states ® that the losses of gold in scorifying are greater than in

oupelling. He accordingly recommends the use of the former method only

when absolutely necessary, as in the assay of zinc residues from the cyanide

process, and of copper ingots or bars and material rich in copper. No experi-

ments seem to be on record showing the relative losses of gold when the

crucible and scorification methods are used on ordinary quartzose or pyritic

ores.

Teliuride ores often yield erroneous results, usually ascribed to volatilis-

ation of the gold, but according to the author’s experience, the vanished

gold can be found in the slag or cupel, and has not been volatilised (see also

p. 10). The tellurium should not be allowed to enter the lead in large amounts
or should be removed again by scorification with litharge (S. W. Smith)

before the lead is passed to the cupel (see above, p. 507).

Lodge ^ recommends the mixtiu’e in the scorifier to be covered with

litharge when rich tellurides are being assayed. S. W. Smith gives the reason

for this ^—viz., that at temperatures of 700° to 900° litharge is reduced by
tellurium which passes into the slag, thus

—

2PbO -{- Te = PbgO + TeO.

Lodge considers the pot assay and scorification assay to be- equally good
for tellurides. Tindall ® and Fulton are in favbm^ of the crucible method.

Detection of Gold in Minerals.—The detection of gold in loose alluvial

ground has been already described (p. 101). A similar method may be

employed in the case of auriferous quartz after grinding it. If the concen-

trate obtained in either case contains sulphides, these are collected, roasted

or treated with nitric acid and re-ground. The light particles of oxide of

iron can now be separated from any gold that may be present by washing.

.

Colour ” may often be obtained thus when none could be seen after the

first concentration. The washing is made easier by removing from the

concentrate the magnetic oxides and iron from the grinding tools by
means of a magnet. All the finest particles of gold are lost in the process

of washing, and consequently many auriferous ores cannot be made to

“ show colour.”

^ Percy, Mctallwunj^ Silver^ and Gold, p. 244.

2 S,tetefel(,lt, Lrxiviation of HU vor (hm. New York, p. 10(5.

® Ijodge, Notea on p. 113.

Lo(l.e:e, Mineral Industry, 1890, 8 , 307.

S. W. Smith, Trans. Inst. Mmj, and Met, 1008, 17 , 473.

Tindall, Trans. Inst. Mntj. and Met, lOOl, 9» 354.
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Tke following metliod devised by Wm. Skey, analyst to the Geological

Survey of New Zealand, is said by him to give good results. The sample

of ore is carefully roasted, then digested with an equal volume of an alcoholic

solution of iodine for a length of time varying from twenty minutes to twelve

hours, the longer time being allowed if the ore is poor. A piece of Swedish

filter paper is then saturated with the clear supernatant liquid and after-

wards burnt to an ash
;

if gold is present in the ore the ash is coloured purple,

and the colouring matter can be quickly removed by bromine. This method
is said to show the presence of as little as 2 dwts. gold per ton in certain ores,

but is not uniformly successful A solution of iodine in potassium iodide is

said to be better than the alcoholic solution. Bromine or chlorine may be

substituted for iodine. A mixture of 5 to 10 parts of bromine with 100 of

water may be used to 100 parts of ore. The ore must be fine enough to pass

an 80-mesh sieve and should be reground after roasting. After leaving the

mixture to stand for some hours with occasional stirring, the liquid is filtered

and the excess of bromine evaporated from the clear solution, which may
then be tested with stannous chloride. Dr. Don^ found these methods
defective, and was forced to use the ordinary crucible assay when examining

material containing small amounts of gold, taking samples of 4-48 lbs. of

ore. L. Wagoner ^ determines the weight of small beads by fusing them and
measuring their diameter under the microscope. The eri'or in reading is

about 0*001 mm. or 6*36 per cent, on a gold bead weighing 0*001 mg.

Special Methods op Assay.

1. Amalgamation Assay/^—This is useful in determining the a,mount
of “free” gold present in the ore capable of being extracted by mercury.

The sample of ore is crushed finely enough to pass through, a 60- or 80~mesh
sieve, made into a paste with a little water, an equal weiglit of mercury
added, and the whole ground in an h'on mortar wdth a |)estle for from two to

four hours, small additional amounts of water or mercury l)eing added from
time to time according to the appeai-ance of the triturated imiss, 4Mie con-

sistency of the mass must be such that the globules of mcrcvirv do not sink

in it but are broken up into very small particles. A little sodium amalgam
dissolved in the mercury ])rcvents it from fiouilng. The gi’inding is continued

until the particles of ore are all imj)alpa})ly fine. A machine foi* the jiuipose,

called the “ arrastra ” moidar, has a large pcar-sliaped mailer loosely fitting

the inside of the mortal*, and capable of l)eing revolved i,n it by mea.ns of a

handle. Complete amalgamation is performed in this machine much more
rapidly than in an ordinary mortar. Wlieji the operator judges that a,mal-

gamation is complete, enough water is addetl to reduce the mass to a thin

jmlp and stirring is continued' for a few minutes to collect the mcrciuy at

the bottom. The contents of the mortar a.rc then waushed down ” in a

};an, the mercury collected and distilled, aaul tlie I’csiduc, consisting of gold,

silver and base metals, scoiified with test-lead, cupeile<l and parted. If it

is not necessary to estimate the silver cxtj'action, the mercury may be dis-

solved with nitric acid, and the gold cupelled and weiglied.

The sample may, of course, })e panned before amalgamation. .In tbal

^ Don, Tram. Amn\ Jnd, Mny. Jiny., 1SU7, 27 * ndo.
^ Wiifj^oner, TrmuH. Amrr. Inat. 3rny. Eny,^ 1001, 31, 7as.
3 See also Tmnm, Amcr. Juat, Mvy, Kny., 1005, 35,
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case CKarleton recommends ^ treatment in a weighed golden dish, the surface

of which has been amalgamated.
2. Assay by Chlorination.—Plattner’s method for the assay of roasted

pyrites consists in placing the mineral moistened with water in a glass cylinder,

200-250 millimetres deep and 20-30 millimetres in diameter, and introducing
a cm-rent of chlorine gas at the bottom. When the odom of chlorine is noticed

above the ore, a cover is put on, the stream of chlorine stopped and the

whole left for twenty-four hours, after which the reaction is complete if

chlorine is still in excess. Boiling water is now run through the ore until

all soluble salts have been washed out, and the gold contained in the solution

is precipitated by ferrous sulphate, collected, cupelled and parted. This

method fails if more than about 20 per cent, of silver is present, as the chloride

of silver formed encrusts the gold and protects it from the action of the

chlorine.^ Balling recommends the addition of common salt to dissolve

the chloride of silver, but found that the telluride ores of Nagyag yielded

only 85 per cent, of their silver and 92 per cent, of their gold when succes-

sively treated with chlorine and sodium chloride.^

Another method is to place the completely roasted sample in a stoppered

bottle with enough water to make the whole of the consistency of thin mud.
The ore and water should together occupy about two-thirds of the bottle.

Bleaching powder and a thin glass bulb filled with dilute sulphuric acid are

then added and the bottle securely closed. As cork is attacked by chlorine,

glass or vulcanite stoppers are better, and the screw-stoppered soda water

bottles are most convenient
;

if corks are used they must be wired down.

The bottle is then shaken so as to break the sulphuric acid bulb and mix
its contents with the bleaching powder, when chlorine is evolved. The bottle

is now left for several hours in a warm place, being shaken occasionally by
hand to mix its contents. At the end of a period of eight to twelve hours

the bottle is opened, and if excess of chlorine is still present the liquid is

separated from the ore and the latter washed thoroughly by filtration or

decantation. The liquid and washings, whether clear or muddy, are warmed
to expel free •chlorine, and an excess of ferrous sulphate is then added to

them. The precipitate is collected, scorified with lead, and cupelled. In

all cases it is better to keep the first liquid separate from the washings, which

should be concentrated by evaporation, since, if this is not done, the pre-

cipitate of gold may be too fine to settle and will pass through filter-paper.

Bromine may be used instead of the materials generating chlorine. The
quantities of chemicals required will be such as are sufficient to generate

a volume of chlorine equal to twice the capacity of the bottle used, or to

make a solution of 2 per cent, of bromine in water. Only finely divided gold

comparatively free from silver is extracted by this method.

3. Assay of Metallic Copper and of Copper Matte containing Gold .and

Silver.—Two methods are in use—a furnace method and a mixed wet and
dry method.^

(«) Furnace Method .—Ten scorifications are made each of OT A.T. of

the sample, 50 grammes test lead (using half as cover) and 1 gramme borax

^ Ch«‘irleton, Tran^. hint. Mnfi. und Met., 1001, 9»
“ See results of Hofioau and Magnuson on p. 313.
® lialling-, irArt (.((hn^jn.nauniv ISSl), p. 433.
^ A. H. Ledoux, Triml Amrr. Innt. Mnr/. Euf/., Oct. 1894, and 1904, 33; Peter’s

Mixhi'ji Smrltinn (7tli ed., 1895), ]>. 07. Por full bibliography see E. A. Smith,

The Siini/ifiiifi ii'iid Anmti o f the Preeiom Metatn, p. 320.
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glass as cover. The lead buttons are cupelled separately and the beads

weighed together, and parted. The cupels are re-fused in five lots of two
each with 90 grammes of litharge, 50 grammes each of soda and borax, and
3 grammes argol. The results are higher than those obtained by the mixed

method.

(b) Mixed Wet and Dry Method ,
—^Weigh out 1 A.T. of the auriferous

material, place it in a beaker of a litre capacity, and add gradually enough

nitric acid of specific gravity 1T4 to dissolve it completely
;

heat until red

fumes cease to come off, dilute to 600 c.c. with water, and add sodium chloride

solution and then 10 c.c. of a concentrated solution of lead acetate and
1 c.c. of concentrated sulphuric acid, and allow the lead sulphate to settle.

The precipitate is filtered ofi and washed. It contains the gold which has

been collected and carried down by the sulphate of lead. The filter-paper

and precipitate are dried, the paper burned, and the ash and lead sulphate

scorified with test-lead. The button is cupelled and the gold with any trace

of silver it may contain is weighed and then parted. The difficulty of the

method is partly due to the fact that gold is dissolved by solutions of nitrate

of copper containing nitric acid.

The silver is determined on a separate sample, which is dissolved and
treated as before, except that a slight excess of sodium chloride, or, better

still, of sodium bromide (Whitehead^) is added after the sulphuric acid

and before the lead acetate. The solution is well stirred, and the precipitate

allowed to settle and treated as before. The use of the lead acetate is to

cause the precipitates of gold and silver to settle quickly, and to enable

them to be filtered effectively. Sodium bromide is used instead of the chloride,

on account of the greater insolubility of the silver salt.

Fulton gives a crucible method for the assay of copper matte, thus :

—

Matte,

Silica,

Litharge,

Sodium carbonate,

Potassium nitrate,

U‘25 A.T.

I0'5 grammes.
67

24

For disused battery plates, Johnston ^ gives a fusion charge, as follows :

—

Drillings,

Sulphur,

Borax, .

Glass,

Sodium carbonate,

Litharge,

Charcoal,

0*5 A.T.

0-25 „
0*4 „
0*4 „
L75 „
1 .
1*5 grammes.

4. Assay of Purple of Cassius.—One ])art of Purj)le of Cassius is fused
with three parts of carbonate of soda, cooled and dissolved in water. The
gold remains undissolved, and is collected on a filter and cupelled aftei*

incineration.^

^ 0. Whittihoad, (Jkeiti. jVao.s, 1802, 66, 10.
2 Fulton, Fire Amiiinfi, p. 100

;
Johnston, Rmid MvtaUarukal Practice, vol. i., p. .‘U

^ Johnston, Rand M* f<t/l tcrf/ind Prcictice, vol. i., p. illO.

^ Ann. de Pharmacie, vol. xxxix.
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5. Assay of Graphite Crucibles.—Graphite crucibles, stirrers, etc., contain

considerable quantities of gold and silver after use in melting bullion.

They may be crushed with water in the Elspass mill or other Chilian

mill {q.v.), and the products washed down in order to separate shots of

metal. The residues, even after roasting, yield only a moderate proportion
of their values when treated by amalgamation, and can still be profitably

smelted. The sampling of the crushed material before amalgamation is

difficult, and must be carried out with great care. The dried sample is roasted
and scorified, or fused in pots, but J. Loewy obtains correct results by
.scorifying without previous roasting.^ He takes 5 grammes of the material,

60 grammes of lead, and a little borax or glass powder.
Scorification has been discarded at the Eoyal Mint and a method of

pot fusion adopted. The method is to estimate the moisture in a large

sample, then to roast thoroughly at a high temperature so as to remove
all the graphite, and to make up a charge for fusion as follows :

—

Roasted material,

Litharge,

Sodium carbonate,

Borax, .

Charcoal,

. 20 grammes.^

. 60

. 30 „

. 30 „

. 1-5 „

The lead buttons weigh about 33 grammes. The slags are cleaned by fusion

with litharge and charcoal. The method is due to S. W. Smith.

6. Estimation of Gold in Dilute Solution—Chloride Solutions.—K. Carnot
has shown ® that the rose colour produced in a chloride solution in presence

of arsenate of iron is very sensitive, and can be used for colorimetric esti-

mation of small quantities of gold. To attain this end a neutral solution

of chloride of gold of known strength is prepared, and some drops of solution

of arsenic acid added slowly to it. Then after a time two or three drops

of dilute ferric chloride and some hydrochloric acid are added. If the liquid

is not acidulated, a flocculent purple precipitate forms
;

if it is too acid the

reaction fails, and only a faint blue colour is seen. The liquid is made up
to 100 c.c. with distilled water, a pinch of zinc dust added, and the mixtui’e

shaken in a flask. A colour is produced, varying from rose to purple, according

to the amount of gold present. The solution is clear, can be filtered unchanged,

and kept without alteration for some time. If more than one milligramme

of gold is present (1 in 100,000), the colour becomes too intense for small

differences to be noticeable
;

if less than one-tenth of this amount is present

(1 in 1,000,000), the colour becomes too faint. Between these proportions

the amount of gold present in a liquid can be determined by comparison

with a series of prepared coloured solutions.

For more dilute solutions of chloride of gold, the test described on p. 65,

depending on the use of stannous chloride, may be used. A number of

pi'ecipitates are prepared from solutions of gold containing known amounts,

and compared with that given by the solution to be estimated. Suitable

^ Loewy, J. CJkrm. Met. and 3fn(/. Soc. of >S'. Africa, 1898, 2, 205.
“ This i.s an ai)pr()xiinate weight. The actual weight taken i.s that of the roasted material

derived from 25 grammes of the original moist sample.
^ Carnot, (Joinpt. rend., 1883, 97 , 105; J. Ohe.ni. Soc., 1884, 46 , 115.
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volumes of liquid from wliich the test precipitates are obtained are as-

follows :

—

TABLE XLVIIL

strength of Solution.
Parts of Whiter Present to each

Part of Gold.

1 to 5 millions.

5 to 20 .,

20 to 50
50 to 100

Volume of Solution used to
obtain a Precipitate.

100 c.o.

500 ,,

1,000

3,000 „

If more gold is present than one part per million, the colour of the precipi-

tate is too intense for accurate measurement. In comparing the colours of

liquids, Veley’s tintonieler is generally useful.

Vanino and Seemann^ recommend the reduction of gold chloride by
hydrogen peroxide in the presence of caustic soda or potasli. The reaction

is complete in a few minutes in the cold. In dilute solutions, the hydrogen
peroxide is destroyed by heating the solution, and hydrochloric acid is added
to agglomerate the precipitate. A solution containing 3 jiarts of gold in a

million gives a slight red colour with a bluish shimmer.

Estimation of Gold in Cyanide Solution .
—^The amount of gold in the

solution is often determined by evaporating a known biillc to diyness in lead

basins, or in porcelain basins with the addition of litharge mixed with the

liquid before evaporation is commenced. The determination is finished

by reducing the lead by fusion in a crucible with chai'coal, and cu]>elling

the lead button. This method is said by A. M^A, Johnston “ to be the most
accurate one. He gives 20 A.T. of solution as a convenient amount, and
adds to it 10 grammes of a mixture of litharge, charcoal and silica. Care is

taken to avoid spitting, and the heat is reduced towai’ds the end of the

operation, or the dried residue may cake on the disli, wdien it is necessary

to moisten it with dilute nitric acid. The dry residue is fused with 3(
)
grammes,

of a mixture of 100 parts litharge, 25 parts sand and 3 parts chai'coal.

Another method, given by Johnston,^ is to take ebSI c..c. (20 A.T.) of

solution, boil, add 30 c.c. of saturated lead acetate solution and 3 gra,mines of

zinc shavings, and again hoil for half an liour; add 25 of hydroc.idoric

acid and keep hot until the zinc is dissolved. The spongy load is wuislicd,

pressed into a ball, dried and cupelled. Cold <*n,n also I)c determined as

foilow'S :—^Add an excess of a solution of silver nitra,te, filter, reduce the

precipitate with zinc ajid hydrochloric acid
;

filter, dry, ciiriel and iiart- the

button.

At 8t. John del Rey Mine,‘^ solutions of silvcn* in sodium (jyanide and of

sodium plumbite are added, the silver a,nd gold arc precipitated by zinc,

and the filtered precipitate is calcined gently in a pot and fused wdth red
lead, flour and fluxes. TJie lead bullion is cupelled and the bead parted.

The results are said to lie ac.cuiaite.

L, Vanino and L. Seemann, /ir?*., ISUi), 32, lM(>.S-72
;

./. (^hcni. ISUl), 7^» [d- 1,
HZS.

' A. M'A. JohiiHton, Unml voL i., ]). 3X1.
Johnston, op. vdt, y). 312.

D. M. Levy and H, Jones, Holt, fnst. Ahitf. (tvd IVlay, 11)15.
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7. Assay by Electrolysis.—If the gold is in solution, potassium cyanide
is added in the proportion of 2*5 grammes per 100 c.c. of solution, and a

current is passed through the solution between platinum electrodes. The
cmuent density should be about 0*3 ampere per square decimetre, the fall

of potential 2*7 to 4 volts, and the temperature 50° to 60° C. The gold is

deposited in about IJ hours,^ and is weighed together with the cathode in

the usual way.

According to F. M. Perkin and W. C. Prebble,^ it is better to use a solu-

tion of ammonium thiocyanate instead of potassium cyanide. With a cmrent
of 0-4 to 0*5 ampere per square decimetre, deposition is complete in 1|- tO'

2 hours at ordinary temperatures. The best way of removing the deposited

gold from platinum electrodes is by means of a solution of potassium cyanide

containing an oxidising agent such as hydrogen peroxide, sodium peroxide^

or an alkali persulphate.

8. Assay of Black Sand. Determination of Gold in the Presence of

Platinum, Iridium, etc,—These metals remain with the gold in great part

when the material is subjected to the ordinary assay by fusion, cupellation

and parting. For the assay of such material as black sand (see p. 183),

methods have been proposed by C. Toombs,^ Jas. Gray,^ and A. F. Crosse.®

Toombs roasts black sand until free from sulphur, and fluxes as follows :

—

Black sand,

Sodium carbonate.

Borax,

Litharge, .

Flour,

1 A.T. (weight before roasting).

2 „

li .

4 grammes.

The cupelled bead is parted with nitric acid of speciflc gravity 1T2, and
the gold is dissolved in 10 per cent, aqua regia, leaving iridium

undissolved.

Gray fuses and cupels as usual, but with the addition of excess of silver.

The bead is parted in sulphuric acid and the gold and platinum dissolved

in aqua regia, leaving iridium, etc., in the residue. The filtrate is made
alkaline with caustic soda and the gold precipitated by H2O2 ,

thus :

—

2AUCI3 -h 3H2O2 + 6NaOH = 2Au + SOg + 6NaCl + 6H2O.

The platinum may be precipitated with HgS.

Crosse adds silver and melts the cupelled bead with three times its weight

of cadmium (see below, ]). 546), and parts in nitric acid, 1 : 3. The residue

is fused with acid sulphate of potassium and treated with water to remove

rhodium and palladium. The undissolved portion is treated with aqua

regia, which leaves iridium, etc., unattacked. Gold is precipitated in the

filtrate by SO 2 ,
and platinum by magnesium and hydrochloric acid.

1 A. Classen, Qiutntitatirc hy JbJ/rctrolysls, translated by B. B. Boltwood, 1003,

p. 207.
^ Perkin and l^reblile, Klvciro-vhnnut and Feb. 1904, px). 490-494.
^ Toombs, J. Clivni. Met. and Mny. Sac. of Afrimt, 1913-14, I4» 4 ;

see also C. B.

Horwood, APuff. and Prran, Nov. 8, 1918, x>. 724.
^ (:h’ay, ./. ahem. Met. and Mn(f. dor. of d. Afrira, 1913-14, 1

4

, 2.

CroHso, ib’/d., p. 878.
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A. M'A. Johnston^ gives charges for concentrate or black sand as

follows :

—

(a) Unroasied Concentrate, etc.

Concentrate, .....
Sodium carbonate, ....
Borax, ......
Litharge, . .

Silica, ......
Wash slag after fusion with litharge and charcoal.

0-5 A.T.

0-5 „

^ ^ ,,

0-5 „

(6) Roasted Concentrate, etc.

Concentrate,

Sodium carbonate.

Litharge, .

Borax,

Silica,

1 A.T. (weight before roasting).

1 .

2 .
0*5 „
0*5 „

(Partly covering roasting dish.)

Flour, . . . . 10 to 12 grammes, but varying

with completeness of roasting.

The metallics, separated on a 200-'mesh sieve, are in either case treated

separately.

^ A, M‘A. Jolmstiai, JOaid Mctidtiny/ra'’ vol. i., j). ;>Ki
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CHAPTEE XX.

THE ASSAY OF GOLD BULLION.

Introduction.—The assay of gold bullion, as described in tMs chapter, has
for its sole object the estimation of the percentage of gold present in the

alloy, all other constituents being disregarded. In the first instance, the

simple case of the assay of gold alloys containing appreciable quantities

of only copper and silver will be dealt with. Eefined gold ingots and the

alloys used for coinage, and for almost all jewellery, come under this head.

The effect of large quantities of other impmities and the precautions thereby

rendered necessary will be discussed later.

The method universally employed is that of cupellation and subsequent

parting. The gold bullion is cupelled with silver and lead, by which the greater

part of the base metals present is removed as oxides dissolved in litharge,

and an alloy of gold and silver left on the cupel. This is “ parted ” with
nitric acid, which dissolves the silver and leaves the gold unattacked.

In the following pages the practice at the Eoyal Mint is described, but
the same description would apply, with very slight alterations, to the methods
used at other mints and assay offices.

The “ parting assay ” was first mentioned in a decree of King Philippe

of Valois, published in the year 1343.^ The methods of procedure in the

16th century have been described by Agricola ^ and by Ercker,^ and those

in the 17th centmy have been briefly described by Savot ^ and by J. Eeynolds,^

and more fully in the Co7npleat Chymist. In 1666 Pepys saw the parting

assay being practised at the Mint in the Tower of London, and from his

description it is clear that the method then employed bears a surprisingly

strong resemblance to that of the present day. In 1829 a Eoyal Commission
was appointed in France to examine into all questions relating to the methods
of assaying gold and silver. The Committee arrived at the conclusion

that the method adopted for assaying gold often overstated the amount
of precious metal by 1 part per 1,000.® The Mint Conference held in Vienna

in 1857,'^ resulted in the almost universal adoption of a more uniform method
of manipulation.

The degree of accuracy now attained in most assay offices reduces the

])robable error in the report of an assay to about OT per 1,000, but, to prevent

the error from rising above this amount, all weighings must be correct tO'

ODb per 1,000, which is not always the case in ordinary bullion assays.

^ Fi/i'Hi A)inH,al Report of the Royal Mini, 1870, p. 103.
“ Hoover’s Ayrkola, x)- 247.
® Pettus’ Eroker (“The Laws of Art and Nature in Assaying, etc., Metals”), bk. ii.,,

Ohai). XV.
^ Savot, JHmmrs mr lei^ BTedallei^ Antiqueif (Paris, 1027), p. 72.
•'» Peyiiolds, A N'ev) TtnuEBtoric for Gold and Silver Wares (London, 1079), p. o02.

Report of the Select Committee on the Royal Mint, 1837, Appendix B, p. 123.

Knnst- nud Gewerhehlait Baicrn, 1857, 101.
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Tlie system may be conveniently regarded as comprising six distinct

voperations, viz. :

—

1. Selection of the sample.

2. Preparation of the assay piece for ciipellation.

3. Cupellation.

i. Preparation of the assay piece for parting.

5. Parting and annealing the cornets.

6. The linal weighing and reporting.

1. Selection of the Sample.—^Alloys of gold with either silver or copper

or with both are practically uniform in composition if they have been melted

and well mixed, and the ingot has not been pickled after casting. In these

cases a single outside cut is representative of the composition of the whole

of the ingot. The cut must, of course, be clean, and is usually taken in the

middle of one of the ends of the ingots at the bottom. A gouging tool is

used, worked either by hand or by steam or electric power. Chisel cuts

from the corners are also sometimes taken.

AVhen other metals are present, the solidified ingot is not uniform in

composition, and a dip-sample is taken. The metal is melted in a plumbago
•crucible with a covering of borax, stirred vigorously, and one or more dip-

samples taken by an iron ladle, or better, by a jjlunibago spoon. The
sample may also be taken ])y a ])lumbago stirrer, the foot of wliicJi has

a hollow cavity,^ or by a little ])lumbago crucil;)ic fastened with iron wire

to an iron rod. The sample is dip])cd out with a borax cover, and poiu’ed.

into an iron mould or allowed to cool in the dip])er. Granulation })y pouring

into water may result in ]:)artiai oxidation of some of the base metals.

Moderately pure tough ingots are sometimes sampled by means of outside

•cuts, even if there is no certainty that some luise metal besides cop])er is not

present. Cuts from a top coimer and an opposite bottom corner are then

taken, or drillings are taken from the top and bottom of tlie ingot. The
results are not always trustwortliy (see p. 133).

The sampling of gold wares is dillicult, because the outside is usually

finer than the interior, in consequence of the pickling of tlie wares after

manufacture. It is the usual practice to remove the " colour ’ from gold

wares hy a preliminary scrajiing or by ' bulling’ before scraping to obtain

the sample proper.” ^ The sampling of “ base bullion ” belongs to the

metallurgy of lead or* cop])er.'^

2. Preparation of the Assay Piece for Cupellation. -If necessary, the

.assay piece is “flatted” on a clean anvil by mea,ns of a hammer witii

a rounded face, weighing about 11 lbs., and a portion, weighing aJ)()ut

(J-5 gramme, is obtained by cutting with, shears a,nd (iling. The metal to

be cut is held firmly between the fore-finger and thuml> of tlie left Imnd,

and care is taken to keep the plane of the piece {)f gold |)(‘rp(mdicuia,r to

the cutting faces of the shears, otherwise damage is done to the laiticr. Only
clean portions of metal must be used.

When the assay is reported to
,

part, it is evident ihad the l)ala-nce

used must clearly indicate a difference in weight of O-l per 1,000 oi* 0-0.5

^ See J. Muff. Sor.. of S. 2, 5Mie uHtf of iron tools

is apparently not approved ])y the 0(mimittee appohit<‘<I by tliin S<»ei(ity to e<»usid(o- tlu^

matter. Iron wonld absorb Huli)hnr, etc., from tlie sam]>l<^
2 E. A. Srnitli, Thr Samp! hit( and Aamp <tf the Pivviunn ]).

3 For de.scrmtion of methods, see E. A. Smith, o/i. <•//!., e.hap. .xx.
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miliigramnie. It is convenient to have the balance adjusted so that one
subdivision on the ivory scale traversed by the pointer corresponds to this

quantity. The difference in weight of the piece of alloy from 0*5 gramme,
or “ 1,000,” is noted down in parts per 10,000 as the “ weighing-in correction.”

The weighed piece is wrapped in pure lead foil together with the silver neces-

sary for parting, and some copper unless it is present in the assay piece.

The lead packets are put in order in the numbered compartments of the

wooden tray shown at c, Fig. 219, p. 535, their position being noted on
the assay paper. The corners of the packets are squeezed down so as to fit

the cupels by pliers with concave rounded faces specially designed for the

purpose, and the assays are then ready to be charged into the furnace.

It was formerly considered necessary for the metals to be present in

the proportion of 1 of gold to 3 of silver, but, as early as the year 1627, Savot
relates that the proportion of 1 to 2 was used, and strong acid employed
in the boiling, “ quand on vent faire quelque essay curieux et exact.” ^

Both Chaudet and Kandelhardt recommend the proportion of 1 to 2^, on
the ground that less silver is then retained by the cornet than in any other

case. If much more than three parts of silver are present the gold breaks

up in the acid. Pettenkofer^ found that the proportion of 1 to 1*75 could

be employed if the assays were boiled in concentrated nitric acid for some
time. At the Eoyal Mint the proportion used was formerly 1 to 2*75, but
is now 1 to 2^ (see also p. 542 in section on “ Surcharge ”). The test silver

should be assayed for gold, but the presence of a small quantity, say one part

or less in. 100,000, does not matter if pieces of the same silver are used for

“ proof ” and ordinary assays.

The amount of lead used varies with the proportion of base metals present.

For gold 900 fine and upwards, eight times its weight of lead is used at the

Mint and answers very well, but the copper is not completely removed in

the course of cupellation. The following table shows the proportions recom-

mended by D’Arcet,^ Cumenge & Fuchs, ^ and Kandelhardt ^ respectively :

—

TABLE XLIX,

Gold ill 1,000 Parts :

tlie Alloyiiij? Metal being
Copper.

Amount of Lead employed for One Part of Alloy.

D’Arcet. Cumenge & Fuchs. Kandelhardt.

1,000 1 1 8

900 10 14 16

800 16 20 20
700 22 24 24
600 24 28 24
500 26 32-34 28
400 34 32-34 28

300 34 32-34 32

200 34 32-34 32
100 34 i 30 32
50 34 ,

28 32
0 11 32

- Savot, iJ'/mmrs ,mr (c.^ AlalaUeii Antiques (Paris, 1627), p. 73.

2 Pettenkofcr, 1840, 12, (>.

^ Pelonze et Fr-'-jiiy, I'/'h’-'’ -Ji'iniic fidndmle.

dauienj^e et Fuchs. Enoydopaiclw. (Jkimiqitr, vol. iii., L’or, p. 154.

Kandelliardt, (h)l(hProbirm'fahrni, Berlin, p. 3.
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Kandelkardt’s table is modified to make it uniform with the others.

It must be remembered that, although the above table gives the quantities

of lead which will remove the greater part of the copper present in the alloy

duiing cupellation, the last 2 or 3 parts per 1,000 are obstinately retained

by the gold, and cannot be enthely eliminated even by a second cupellation

with fresh lead. Instead of attempting to remove all the copper present

in an alloy of low standard by one operation, using large quantities of lead

as above, "it saves time and gives more uniform results if a smaller amount
of lead is used in two successive cupellations. For one part of gold bullion

400 fine, 16 parts of lead are enough if added in this way. The object in view

is not to remove all the copper by cupellation, but to obtain a well-formed,

clean and bright button suitable for parting. Some copper must be retained

by the assay piece in order to prevent “ sprouting ” at the moment of solidi-

fication of the cupelled button. For this reason, the amount of copper in

the assay piece charged into the furnace should be not less than 50 parts

per 1,000 of gold.

In the cupellation of triple alloys of gold, silver and copper, somewhat
less lead than that given above is used in France and in this countr}^ E. A.

Smith recommends the quantities given in column A ^ in the following table,

in column B are given the quantities used by the author at the Royal Mint.

TABLE L.

Stniulanl. AiuoiiiiL of Lead for One Part of Alloy,

Gold in 'Parts

per 1,00(1.
( 'a rats. It

9 16 *6

750
625
500
375

22
Is

15

12

9

S
15

IS

20
21

S
8

12

IG

16

In this case, the 22 carat contains a little silver, a-nd the other stajidards

usually from 100 to 125 ])arts of silver per i,(H)(). The lead in column B is

in the last three cases added in two paid-s, the first addition consisting of

8 parts, and the second addition (after the first cupellation is complete)

consists of the remainder.

3. Cupellation.—A coke muflle furnaite formerly in use at tiie Royal
Mint is shown in front and side elevation in Figs. 210 a,n(l 21 1. it consist s

of an outer casing of wrought-iron ]>latcs about ^ inch, thick, unit-(‘(l by angle

iron. This casing is connected with a chimney 60 feet liigh by nutans of a,

wrought-iron hood and flue, a, which is provided with a< danij)er, 5. The
lining consists of Stourbridge firebricks. Fuel is introduced through tlic

opening c.

The mouth of the fireclay muiiic, (/, is closed by the graphitic [>lo(;k, c,

and the sliding iron plate,/, when cupellation or scorification is pro(‘ccding.

For annealing and other purposes the sliding d(H)rs,
f/, f/,

are used. Air is

Sniitb, op. v/t., j). 326.
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admitted to the muffle above the block, e, only, and is withdrawn through

the graphite tube, h, which connects with the iron tube, h This is furnished

with a damper, I, and is connected with the chimney. There is no other

opening in the muffle, so that the draught through it is quite independent

,

of the draught through the furnace. This is an important feature which

should be adopted in all muffles. The muffle rests on a bed of fireclay and
pieces of firebrick, which covers the cast-iron girder-plate, m. (The retention

of this iron plate supporting the muffle was a curious survival of the ancient

arrangement described by Ercker in 1580, in which the muffle consisted of

an arch only, without a bottom, and rested on an iron sole plate on which

the cupels were placed directly.) The top of the muffle is covered with a thick

layer of fireclay and graphite to check radiation and to preserve the muffle.

The clearance between the muffle and the sides of the furnace is inches.

I

O 7 Fi'

Fig. 210.—Coke Assay Furnace,
Royal Mint—Front Elevation.

Fig. 211.—Coke Assay Furnace, Royal
Mint — Sectional View of Side

Elevation.

but at the back it is only 1 inch, and this space is filled with fireclay to prevent

overheating.

There are eleven fire-bars, n, n, but only the three outer ones on each

side are covered with fuel. On the other five bars rests the cast-iron girder-

plate (Fig. 212), which is flat on the upper surface, but is strengthened with

ribs on the under surface in order to prevent buckling. Charcoal, anthracite,

or coke can be used in this furnace. The use of coke as fuel in assay

furnaces is now exceptional, and charcoal and anthracite are not now used.

Figs. 213 and 214 are sectional diagrams -and Fig. 215 a photograph of

one of the gas muffle furnaces in use at the Eoyal Mint. The furnace walls
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consist of firebrick bound with iron and covered with a layer, about inches

thick, of lagging consisting of a mixture of magnesia and asbestos to check

radiation. The muffle, A, is 14| inches long, 8| inches wide and 5 inches

high, inside measurements with fireclay walls about | inch thick. The mouth,

B, is closed by a firebrick and by a sliding sheet of

3 nfica above it (not shown in the diagram). Air enters

through holes in the mica plate and passes out at the

back of the muffle through the tube, C, which has a

sliding damper and leads into the main flue. The fuel

is ordinary coal gas, supplied by a row of Bunsen

x i" 212 Gird^late
complete combustion of the gas may

Support Muffle, aided by clay fire-balls covering the muffle, as shown
Royal Mint. in Eig. 213. The flues, B E, carry ofi the waste gases,

and no chimney stack or forced draught is required.

The muffle fits closely against the back wall of the furnace, so that the

back is not hotter than the rest of the furnace. The back 12 inches of the

muffle is used for ciipellation, and is of nearly uniform temperature. The

muffles last for several months in continuous work.^

'

Petroleum furnaces are used when coal, coke and gas are alike difficult

to obtain. Electric resistance furnaces, though generally regarded as

unsatisfactory, have been adopted at one of the United States mints,

apparently with success.

Furnaces to burn soft coal are sometimes used in places where good

coke is very expensive. One type differs little from coke furnaces in

Figs. 213 and 2 14. —Sections of As.say Mulllo Furnace.

construction, but has less space })etween the muffle and the side walls.

The flame of the coal is instrumental in heating the muffle, a comparatively

^ Reproduced from Percy’s Mdallmw and Gold, l)y kind pcTmis-sion <tf

Mr. John Murray.
2 For de.scrii.)tions of .some other muffle fimiaceB, see E. A. Smith, The Sampling and

Amq/ of the Pm'AoiiM MeUda, pp. 20-.‘i3.
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thin bed of fuel being employed, not reaching to the bottom of the muffle.

On the Eand, coal-fired reverberatory furnaces are now much used for

heating muffles

d

The cupels in use at the Eoyal Mint consist of bone-ash and are in sets

-of fom’, the outer margin being square, as shown in Fig. 216. At some assay

-offices, larger numbers of cupels are made in one block. The object is to

facilitate charging in and withdrawal, but the difficulty of maturing the

cupels increases with the size of the block. If cupel trays are used in the

furnace, single cupels can be rapidly ranged on the tray by hand before it is

jDlaced in the muffle.

Fig. 215.—M utile Furnace.

The cupel tray used at the Eoyal Mint is shown in plan and section in

Fig. 217. It is 11| inches long and 6 inches wide, and holds cupels for 72

assays, the cupels fitting loosely inside the rim. The tray is made of Sala-

mander ” graphite, and lasts for some weeks. Iron trays were found to

interfere with cupellation and to be rapidly destroyed. Fireclay trays soon

break. The tray is sprinl^led with bone-ash, and the cupels placed on it

before it is charged into the furnace. It is charged in and withdrawn by an

A. M‘A. rJoliiiBton, R(md Mctallurf/md vol. i., p. 297.
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iron “ peel ” witli two flat prongs, 1|- inches wide, and of the same length

as the tray, which slide into the grooves underneath the tray. The furnace-

tools formerly in use are shown in Fig. 218, where a represents the cupel

Section on i^ine IX, Y. The Cui'el.

Fig. 210.—Cupel Mould, Royal Mint.

tongs and h tlic tongs used for charging ill the lead packets. These tongs-

are now seldom used in bullion assaying at the Mint.

- Method of OpemlioH.—Thie mufile is lirought
--j uniform orange-red heat before the cupel-

lation is licgiin. ^Jdie cupels are cleaned by a

pair of hand liellows just before the assay

pieces are charged in. For the latt(3r opera-

tion a nickel chargitig tray, devised by Henry
Westwood, of the Biriningliam Assay Office,,

in 1893, is now used. The tray consists of

a plalu
I
)crforated liy 72 holes. Underneath

is a non- perforated sliding ])late. The assay

pieces are pui; in order in the compartments
and the tray is pia<*.cd in position, some hclj)

in guiding it being given by stops which touch

the front cupels. Ifiui sliding phite is tiien

witiidrawn and the lejui pjie.keis fall through

the holes into the cu|)els. '' Uncovering is

completed in a.b<nd. two jni miles, and during

this space of time the imillh^ is ki^.pt. closed.

The door is then opened, and the, draught

started through, the nudlk‘, by opening the

damper.
' J Distinct stages may be noted in the aeCon

which now takes plaoe on the empd. Almost
immediately tlie surfaee of molten indul— becomes covered with. g'r(‘,a.sy"looking drops of

j
1

j
1

’ ”
litharge, wliich are ra|)idiy a-bsorbed by the

porous cu|)el and replaced by others. I’hey
lig. 217.--(lra])hito Cupel Iray,

surfac.e a4< first slowly, but as the
Royal Mint. ^

, 'V ....
operation continues move with grea-itir rapidity.

In from twelve to fifteen minutes the metal suddenly becomes unifonniy dull

and glowing except for iridescent liands, pj‘oduced, by extremely thin films
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-of fluid litharge, which are seen to pass over it. On the disappearance of

these bands a bright liquid globule of a greenish tint is left, but the cupels

are not withdrawn from the furnace until the expiration of another fifteen

to twenty minutes so that the last traces of lead may be oxidised and
-absorbed. The completion of cupellation takes place first in the front rows
.and proceeds regularly backwards.

The cupels are withdrawn from the furnace while the assay pieces are

still fluid, and “ flashing ’’ ensues in a few seconds. “ Flashing ” is most
marked in the purer buttons, in which but little copper or lead remains.
If at least 50 parts of copper per 1,000 of gold were originally present the

buttons are never sufficiently freed from it for “ sprouting ’’ to take place.

If the cupels are withdrawn carelessly the fluid metal moves over the rough
surface of the cupel, and minute beads may be separated from the main
mass. To avoid this, and losses by sprouting, some assayers do not remove
the assays from the fmmace until the buttons or prills have become solid.

The “ flashing ’’ of gold assays was shown by Van Eiemsdijk ^ to be due
to solidification after superfusion. The temperature of the fluid metal falls

until a certain point is reached, when the button solidifies, and the sudden
•disengagement of the latent heat of fusion reheats it to its true melting

point—viz., 950"^—and a peculiarly intense light is emitted which rapidly

fades as the temperature again falls. A sudden jar at any moment causes

the flashing to occur instantly. If the alloy contains a minute quantity of

Scale, 1 inch — 1 foot.

Tig. 218.^—Old Assay Furnace Tools, Royal Mint.

iridium, rhodium, ruthenium, osmium or osmium-iridium, the tendency of

the cupelled metal to preserve its liquid state below the melting point, and
therefore to flash during the final solidification is entirely prevented. The
presence of metals of the platinum group (except platinum and palladium) in

ingots of commercial gold can be detected by means of this characteristic.

The buttons (which are of the form represented at Fig. 220) are removed
from the cupels, after cooling, by a pair of sharp-nosed pliers, cleaned by
means of a stiff brush or by immersion in warm dilute hydrochloric acid,

and are placed in the compartments corresponding to their cupels in the tray

{d, Fig. 219). If the bone-ash is not completely removed from their lower

surface it is of little moment, since bone-ash is readily dissolved by nitric

acid on parting. The surface of the cupels must be carefully examined for

minute beads of metal due to spirting of the lead bath, which sometimes

Jiappens if there is too strong a draught. If any such beads are found in a

(Uipel the fact is noted and the assay repeated.

If traces of lead remain in the button it is more globular, separates more

^ Van Ilieni.sdijk, Chemical Ncm, 1880, 41, 12(>.

2 Rex)r<)(luce(l from Percy’s MeUdluY<jD of Silver and Oold, by kind permission of

Mr. dolm Murray.
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easily from the boiie-asli of tke cupel, and has a brilliant steely surface. Tlie-

effect of the presence of other metals is discussed on p. 507.

Tem^emiure .'—The exact temperature suitable for cupellation can only

be ascertained by practice, and the varying light of the day may occasion

error in judging the degree of heat. The remarks on temperature in tiie

cupellation of buttons from ores (p. 505) apply here. Care should be taken

to ensure that the heat is so high before '' charging in ” that the chilling

which necessarily takes place during this operation shall not cool the muifie

below the requisite temperature. It is of more consequence that the muffle

should be uniformly hot throughout than that any absolute degree should

be attained, as the checks used eliminate uniform erroi's due to high tem-

perature.

The temperature of an assay muffle was measured by .1. Prinsep, Assay

Master of the Mint at Benares, by observing differences in the behaviour

of a number of silver-gold and gold-platinum alloys when heated.^ lie

made trials in dilferent parts of tlie same (miiiile) furnace. The disparity

of heat/’ he remarks, “ is greater than might be supposed.” His results

were as follows :

—

Front of muffle, .

Middle ,, (average),

Back ,, ( „ ),

Maximum Alloy
Molted.

pure silver,

f silver, 70. ]

(gold, 30. J

( silver, 50. )

( gold, 50. /

Correspondiug
Temporature.-

960^

1,025'b

1,045".

In 1892, the tem])erature of a. coke-heated muffle at the Royal Mint was
measured by the author hy mea<ns of the Le Chatelicr pyi’ometer.® The
muffle was 15 inc;hcs long and (U inches wide, and it was found that the

temperature gradually rose from about 1,050“ to 1,080" in ])assing from
front to back, whilst along the sides the temperature was 1" or 2" higher

than in the middle line. The mea.n temperature of the muifie was about
1,070°. With gas furnaces and the present a.rra.ngements of the muifie the

variation in temperature is much less according to recent measurements.

4. Preparation of the Assay Buttons for Parting. The buttons are fia,t~

tened by a .hammer weighing a})Out 7 ll>s., witli a (uinvex face, on aui anvil

kept quite bright and clean and used for t-his purpose only. A lieawy blow

is first delivered on the middle of the button, the diamctei' of which is thcrcl)y

increased to nearly that of a threc])eniiy piece. Two lighter blows arc then

given on opposite sides of the disc, so as to elongate it, giving it tlic form
shown at h, Fig. 220.

After being annealed in the iron tray,/, ,Fig. 219, which is placed in the

muffle hy the tool,
f/,

and left until it is red hot, tJic ilattened buttons are

passed in succession through a pair of jeweller’s adjusting rolls wliich are

used for this purpose only, and are kept clean and brigiit. The oil is removed
as completely as possible from the rolls l)efore tliey are used, as otherwise

the first fillets come out thinner than the remainder'. Tlie rolls arc adjusted

1 PriHfie]), Tra/ziH. ./toff. /Vcc., 1S28, p. 7!).

2 KobertB- Austen and Rokc, Pror. R<n/. Sor,, TOO?, 71 , 1(12.

3 Rose, J. Chnii. Roc., 1898, 63, 707.
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so that one passage through them reduces the buttons to the required thick-

ness, which is about 0*25 millimetre, or 0*01 inch, or about the thickness of

an ordinary visiting card. The ‘‘
fillets ” (c, Fig. 220) thus obtained should

all be of uniform size and thickness, with ‘‘ wire edges,” as ragged edges
expose them to loss during the boiling. After being rolled they are replaced
in the tray, /, and annealed at a dull red heat. In some offices, the buttons
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Scale, 1 iuch = 18 inches.

Fig. 219.^—Button Trays, Boyal Mint.

and fillets are annealed by a blowpipe on charcoal instead of in the fmmace.
They must not be made too hot, as that entails a loss of gold in the parting

acid. It is best to raise them to a low red heat. The object of the first anneal-

ing is to soften the buttons and facilitate their passage through the rolls,

while that of the second is to enable the fillets to be rolled into ” cornets
”

or spirals, d, between the finger and thumb, or round a glass rod, and also

to put the metal into a suitable physical

condition for parting. Unannealed fillets

tend to break up in nitric acid. Care is

taken to leave that which was formerly

the lower side of the button outside, for

a reason given below (p. 552). This face

is easily recognised, as it is less brilliant

than the other.

5. Parting.— This was formerly

effected by boiling with nitric acid in

glass parting flasks.” Platinum boiling

trays save time, and are now used when-
ever possible. The silver is dissolved by
the acid, which should be free from
chlorine in any form, sulphuric and sul-

phurous acids, or sulphides from which
sulphuric acid may be formed. These

substances dissolve gold in the presence

of boiling nitric acid. It is sometimes

stated that the acid must be free from nitrous fumes, but this is not

necessary, as silver protects gold from the action of nitric and nitrous acids,

and as soon as parting begins great quantities of nitrous fumes are generated.

Scale, full size.

Fig. 220.—Stages in working a Gold
Bullion Assay Piece.

^ Ileproduced from Percy’s MctaUurrpj of Hilvcr and Gold, by kind i;)ermissicn of

Mr. John Murray,
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AYiieii the flasks are used, 2 ozs. of nitric acid of specific gravity 1*2

are put into each flask and raised to boiling point. A cornet is then
introduced and boiling continued for fifteen or twenty minutes (Le., for

about ten minutes after nitrous fumes cease to be given ofi). Hot
distilled water is then added, the solution of nitrate of silver decanted

ofi, and the flask washed by filling with hot water, and decanting. Two
ounces of hot nitric acid of specific gravity 1*3 are now poured in and
the boiling continued for fifteen or twenty minutes, a piece of fireclay

or capillary glass tube being added to prevent bumping
;

after which
decantation and washing is twice performed. Another boiling with acid

of specific gravity 1*3 is recommended by Chaudet with the object of

dissolving out the last traces of silver and leaving the gold quite pure.

This practice has been adopted by many assayers, but is useless and causes

loss of gold. If any small particles of gold have become detached from the

cornet, time must be allowed for them to settle before each decantation.

After the last decantation the flask is filled with hot water, the top covered

by a small porous crucible, and the whole is carefully inverted
;

the pure
gold, which is of a dark brown colour and exceedingly fragile, falls through
the liquid and rests in the crucible, the water which enters with it being

afterwards poured off. The crucible is dried and then annealed at a red

heat over gas or in the muffle, when the gold shrinks greatly, though still

preserving its shape, hardens and regains its ordinary pale yellow

colour. It can now be weighed.

When the platinum boiler is used the cornets are put on
platinum pins, as at the >Sydney Mint, or more usually into

platinum cups, one of which is shown in Fig. 221. These cups

are supported in a platinum tray (which holds 144 cuj)S at the

Koyal Mint) and the whole lowered by a platinum hook into a

platinum vessel containing about 60 ozs. of hot nitric acid.

Home attention must be paid to the temperature of the acid.

At the Eoyal Mint, acid of specific gravity 1*2U (in which, how-
ever, a small quantity of silver is already dissolved) is used, and
tlie temperature at the moment of introduction of tlic tray is

from, 95'^ to 100° C. At Jiigher temperatures the action is so

vigorous that the vessel may boil over. Wlien the ratio of 2*5

parts of silver to 1 part of gold is used, some care is necessary in putting tlie

assay pieces into the acid. A temjmrature of 90° sliould not be dej)arted

from widely; if the acid is colder than this the cornets tend to break

up. Cornets containing 2 parts of silver to 1 of gold are less delicate,

and can be put into acid of sp. gr. 1*26, even if it is cold, or at any tem-
perature up to boiling point, without showing any signs of breaking up.

They can also be put into hot acid of sp. gi*. 1*32 without injury, but are

not safe in cold acid of the same strength. Tfliey Ijreak up in acid of sp. gr.

1*42, whether it is hot or cold. Cornets containing larger proportions of

silver may not break up if the first acid is weaker, say of sp. gr. 1*2.

Boiling is kept up gently for al)out tliivty minutes, and tlie tray is then
withdrawn, drained, waslied by dipjiing vertically in and out of a vessel

of hot distilled water, drained again, similarly washed in a second vessel of

water, and placed in a second platinum boiler filled with boiling nitric acid

of specific gravity 1*20 to 1*22, free from silver. In this the cornets remain
for a period of about thirty minutes, when they are drained and washed as

before, and are then ready for annealing.

Pig. 221.

Platinum
Cup for

Parting.
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The platinum tray is dried on a hot plate, and annealed over gas or in

^ muffle kept specially for the purpose, and free from lead fume, particles

of bone-ash, etc. The temperature should be as high as possible, consistent

with the safety of the cornets. They fuse at 1,064° C. (having the same
melting point as pure gold), at which temperature the muffle appears orange-

red. If annealed at a low temperature, the cornets are rough in texture,

dull and fragile, being crushed easily between the finger and thumb. In
this condition they adhere to the platinum, and, in detaching them, frag-

ments are often left sticking fast inside the cups. If annealed properly the

•cornets are smooth, lustrous and hard, showing signs of incipient fusion

under a magnifying glass, and only yielding to considerable force exercised

by the finger and thumb. Under these conditions they can always be
•detached from the platinum entire, and do not readily absorb moisture

and gases from the air. After boiling, the cornets are very soft and fragile

and dark brown in colour
; on being annealed they shrinlr and harden, and

regain the ordinary yellow colour of gold.

Relative Advantages of Parting in Flasks and in Platinum Boilers.~~T\i.^

use of platinum trays and boilers efiects a great saving of time in decanting

and washing, as one operation takes the place of as many as 144. If the •

standard of an alloy is unknown, so that it is not certain that the cornet

will remain entire in the acid, it must, of course, be boiled separately, as, if

one cornet in the tray breaks up, fragments may adhere to a number of

•others. The manipulation of the platinum tray is easier than that of parting

flasks, and, in addition, the treatment of the cornets is more uniform, so that

the correction afforded by the use of checks is more trustworthy. On the

other hand, if platinum or palladium is present in an individual cornet,

it imparts a straw-yellow or orange colour to the acid ; but where a number
of cornets are boiled together, it is obviously impossible to say from which
the colour is derived, so that less information on the subj ect is obtained.

6. Weighing the Cornets.—The balance must readily indicate difierences

of 0*05 per 1,000, or milligramme, with a weight of I gramme in each pan.

The “ checks ” or “ proofs ” {vide infra) are weighed first, and their mean
excess or deficiency in weight applied as a correction to all the cornets worked
with them. This may be done by means of a light rider. The “ weighing

in correction (p. 527) is also allowed for, care being taken to observe that

this correction represents a definite weight of the original alloy of gold, not

of fine gold. It follows that in the assay of a gold alloy 500 fine, half the

weighing-in correction must be used in correcting the result. With gold

900 fine, nine-tenths of the weighing-in correction is to be applied, and
proportionate amounts with gold of other finenesses." The report is at once

indicated by the marks on the weights without further calculation.

The weighing is usually by substitution, the proof cornets being followed

in the same pan by the ordinary cornets, so that if the proof cornets are of

the same mass as the others, the weight in the other pan is a mere counter-

poise, and its error, if any, is immaterial. When proof cornets are of different

mass from the ordinary cornets, allowances are made, the surcharge being

taken as propoitional to the weight of the cornet.^

The weights are the i gramme (or sometimes some other weight, such as

1 Ifor vaTiotifi rapid rnetliods of weiijlniiig, intended to save calculation and to avoid

iniHtakeK when cornets are of very different weii^lits, see G. Foord, Proc. Roy, Roc. of

Victoria,, Nov. IKTd
;
A. O. Watkins, (^hcm. News, I06 , 248, 2r)l>.
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5 grains, 7 grains, or 10 grains), whicli is stamped “ 1,000,” and decimal

subsidiary weights stamped 900, etc., down to 0*5. The stamped numbers
denote the number of milligrammes milliemes ”) contained in the weight.

Ordinary weights in the gramme system may, of course, be used, each millh

gramme corresponding to 2 per 1,000 in the assay system. The report finally

made gives the number of parts (in milliemes and tenths) of pure gold in

1,000 parts of the alloy.

The weights usually supplied even by the best makers differ from the

standard weights by varying amounts, which sometimes exceed 0*1 per 1,000.

These errors cannot in general be disregarded. In many sets of weights

a cumulative error of 0-5 per 1,000 or more may be introduced. It is necessary

to allow for the errors, or still better, to adjust the weights by carefully

polishing them with rouge or with fine emery, or by rubbing them on a ground
glass plate if they are too heavy, or by plating them with gold if they are

too light. It is not advisable to gild weights unless they consist of platinum.

Riders should be used instead of small weights. For further remarks on
weights see above (p. 513).

Auxiliary Balance for Weighing Cornets.—Robert Law, of the Melbourne
Mint, has invented^ an auxiliary balance which gives the approximate
weight of the cornets without the use of any weights. The balance has a

pan to hold the cornet attached to one end of the beam, and the other end is

prolonged as a pointer, the position of which (when it conies to rest), with

reference to a curved scale, denotes the percentage of gold present. The cornet

is then transferred to the pan of an ordinary balance, and the necessary

weights, already determined by the auxiliary balance within narrow limits,,

are placed on the other pan. For weighing large numbers of cornets of widely

differing weights, this balance is said to be convenient, saving both time

and wear of the balance and weights, it has been in use since 1896 at the

Australian Mints. The scale gives the weiglit of cornets from unrefined gold

between 700 and 1,000 fine. The balance is not required in the assay of

refined gold bullion or in other cases where the probalile composition of the

gold is already known approximately.

Surcharge.—The gold cornet does not actually contain the whole of the

gold present in the original alloy and nothing else. Gold is lost by (a) volati-

lisation
; (6) absorption I)y the cii])cl

;
(c) solution in the acid. On the

other hand, the cornet always retains (1) some silver
; (2) occdudcd gases.

The algebraical sum of these losses and gains is called the '' sui’chaige,”

since the cornet usually weighs more than tlie gold originally ])rcscnt in the

assay piece
;

if the reverse is the case, the work is less accurate. The va/i’ious

losses and gains are discussed in, detail l)elow.

Lossea of Gold.-—G. 11. Maidns - found gohl and silver in the |)roporti()n

of about 1 to 9 in the dust taken from a flue use<l only in gold and silver

cupellation, but did not attempt to ascertain the ])crccntage loss (h* gold by
volatilisation. He also showed that large amounts of gold were dissolved by
nitric acid in the course of assaying, and attributed the dissolution of gold to-

the presence of nitrous acid; but he su])])oscd that it would not be dissolved

in the weaker acid, where nitrous acid was formed in larger quantities, owing
to the protective action exercised by iindissolved silver, which formed the

positive element in the gold-silver couple. The fact that gold is dissolved

1 R. Law, aivm. Sue., 1S0(>, 89 ,

^ Malvina, /. Clum. >SVjr., ISOO, I* 7*
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by nitric acid in parting operations has been well known to bullion assayers.

for many years. It is, however, very slight, except when strong acid of

specific gravity 142 or more is used, F. P. Dewey has published the results

of some exact experiments on the subject.^ In 1872 A. H. Allen showed ^

that gold dissolved in nitric acid is not precipitated on dilution with
water.

As the result of experiments made by the author at the Eoyal Mint

in 1893,^ it was found that in the assay of standard gold (916*6 fine) with
the ordinary surcharge of 0*4 to 0*8, the loss of gold is about 0*4 per 1,000,

of which about 82 per cent, is absorbed by the cupel, 8 per cent, is dissolved

in the acid, and the remaining 10 per cent., which is unaccounted for, was
put down as having probably been volatilised. These ratios, however, vary
considerably, as a hot fire increases the loss by absorption, while by prolonged
boiling in acid, and especially by annealing the fillets at a high temperatoe,
the amount of gold dissolved in the acids is increased.

These results were obtained when using the ratio for cupellation of gold

1 part, silver 2*75 parts, copper one-twelfth part, with the old-fashioned

coke furnaces, muffle open to the fuel, and strong acid of specific gravity 1*32.

With the ratio, gold 1 part, silver 2J parts, copper one-twelfth part, with ^

isolated muffle, gas-fired, the losses of gold have been more recently determined

by the author, the details being as follows :

—

Volatilisation .—The fumes from the muffle were passed through an iron

tube of 1|- inches diameter, with a right-angled bend near the furnace. Much
litharge was deposited at and before the bend, and a small quantity, dim-
inishing rapidly in amount with the distance from the furnace, in the straight

portion of the tube. In one experiment 35 batches of assays were worked
successively in May, 1910, a batch consisting of 72 assay pieces, each

consisting of 4 grammes of lead, about 0*5 gramme of gold and about

1 gramme of silver. The amount of litharge volatilised and condensed

was 76 grammes, and this contained 0*2143 gramme silver and 0*0012

gramme gold. The proportions of the metals present in the furnace which

were volatilised and condensed were thus 0*7 per cent, of lead, 0*008 per

cent, of silver, and 0*0001 per cent, of gold. The loss of gold by volatilisation

of one part in a million is, of course, inappreciable in the assay. In other

experiments similar results were obtained, the gold volatilised ranging down-
wards from 0*0001 per cent, to 0*00006 per cent. It is, of course, possible

that a part of the volatilised gold was not condensed, but it is difficult to

believe that as much as one-half could have escaped.

The amount of gold absorbed by the cupel varies from 0*35 to 0*40 per

1,000, in the cupellation of gold 1 part, silver
2-J-

parts, lead 8 parts. The
loss may run up to 0*5 per 1,000 of gold if the furnace is hotter than usual.

The gold dissolved in the acid varies with the strength of the acid and with

the ratio of gold to silver. With a ratio of 1 to 2*17 the amount of gold

dissolved is less than with the ratio 1 to 2*5. With acid of specific gravity

1*20 and the ratio of 1 to 2*17, the amount of gold dissolved in parting is

certainly less than 0*005 per 1,000. With acid of specific gravity 1*30, this

is increased to 0*03 per 1,000 if the boiling is maintained for five hours

after the ordinary parting is completed.

1 Dewey, J. Amn\ (Jkem. /Soc., 1910, 31 , 318.
2 Allen, (Jhnn. N(nvi<, 1872, 25, 85.

3 T. K. Hose, J. ChMi. Soc., 1893, 63 , 710.
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The loss of gold in assaying in present practice at the Mint may thus be
stated as :

—

Volatilisation, . . 0*001 per 1,000.

Cupel absorption, . . *400 „
Dissolution in parting acid, *005 „

It is clear therefore that the loss by absorption in the cupel is alone
worthy of consideration.

An increase in the percentage of copper in the assay piece is accompanied
by an increase in the loss, as is shown in the following table, which gives
the relative surcharges obtained in the parting assay of gold-copper alloys

of difierent standards
;

it is compiled from a number of results obtained
at the Royal Mint :

—

TABLE LI

StiindiuU of Alloy. Surcharge ou the Assay Piece
per l,noi).

91(P6 + U-G
750 P 0*5
U‘J5 P 0-4
500 •0

575 - O'G
1

The amounts of lead used were in accordance with those given in column
B of Table L, p. 528. Table IjI, a>s already explained, only gives relative

surcharges
;
the absolute amounts vary with the treatment.

The influence of the temperature of the furnace on the surcharge was
pointed out by Roberts-Auston.^ TIic following tal)le is compiled from the
results of his experiments :

—

TABLE LIT

'I'eiiiperatAire of Kiinuice. tknnpD.siUou of Alloy. Siirchargc.

(a) Slightly lower than usual, .

j
(JdW, i)10'7

'(

1

Oo])per, K:P5
j

1
0*05

(/;) Ordinary temperature,
1

0*10
(c) Slightly higher than usual, o-:!?

The loss of gold was found to be 0*045 pej* J,00U in series (a), and 0*725 per
1,000 in series (b).

Rossier ^ has shown that the loss of gold in (Uipellation increjnsc^s with
the amount of lead used and decreases as the amount of silver is increased.

The author obtained the following results at tiie Royal Mint/ in ifll l,

by cupelling under |)recisely similar conditions jis to lempci'jdure and
'Ch*aught the stated amounts of load witli 0*5 gramme gold, 1*054 gi’ammes
silver and 0*046 gramme cop])cr :•

—

^ See Percy, MHalUirifij of S//n r and (ddd, p. Tih.
^ RosHler, IHngl, Pulff. 206, LSr>.
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TABLE LIIL

Weight of Lead. Loss of Gold in Cupellation.

1 gramme. 0*18 per 1,000.

2 grammes. 0*26 „
4 „ 0*50 „
s „ 0*80 ,,

20 „ 1*90 ,,

1

Silver Retained in the Garnet—It has been found at the Eoyal Mint that

after boiling in the first acid the amount of silver retained is about 2*5 to

3*0 parts per 1,000. The amount left undissolved by the second acid varies

with the length of time of its action. Under normal conditions with a sur-

charge of 0*6 to 0*8, the silver left in the cornets is from 1*0 to 1*2.

By continuing to boil in the second acid kept at about specific gravity

1*25 by occasional additions of water, the following results were obtained

by the author in 1911 :

—

TABLE LIV.

Surcharge per 1,000. Fineness of Cornets.

After 30 minutes in first acid, . 4- 3 03 996 ‘79

,, 5 ,, second acid, 1*18 998 ‘59

,,10 ,, ,, . . 0*96 998-81

,, 20 ,,
'

. . 0*78 999-03

,, 30 ,, ,, . . 0*59 999 07

j > 40 , , ,5 . . 0-41 999*27

, , oO , , , ,
• . 0*30 999-38

, ,
1 hour in

, ,
. . + 0*23 999-45

, , 2 hours in
, ,

. . - 0*04 999*66
K

5 5 O
, , , , . - 0*27 999*77

After each hour, fresh acid free from silver was substituted for the previous

acid. The results show that very little gold is dissolved in acid of specific

gravity 1*25, when parting cornets of the ratio of 1 to 2J-,
the total amount

of gold dissolved in five hours in such acid being about 0*32 per 1,000.

If the acid continues to boil until its constant strength is.reached (sp. gr.^

1*42), gold is dissolved to a considerable extent (0*5 per 1,000). If much gold

is dissolved the results are not uniform. When checks are used perfectly

satisfactory results are obtained with surcharges of from 4- 0*2 to -t 1*0

per 1,000 or even more.

Effect of Varying the Proportion of Silver to Gold .—The views of various

authors on the best proportion to be used have been given above (p. 527).

The following are some of the results of a series of experiments made by

the author in the years 1904-5. In each case the results are the means of

a number of closely concordant assays worked together under similar con-

ditions. Except where stated otherwise, the cornets were parted by boiling

in nitric acid for two half-hours, the first acid being of sp. gr. 1*26, and the



.'542 THE METALLURGY OF GOLD.

second acid of sp. gr. 1-32. In all cases 0*5 gramme of gold, 0*045 gramme
•of copper and 4 grammes of lead were used :

—

Ratio of silver to gold, .

Surcharge, .

Loss of gold,

Silver retained by cornet,

2*71

Per 1,000.

+ 0*292

0*474

0*766

2*50

Per 1,000.

+ 0*208

0*547

0*755

2*00

Per 1,000.

+ 0*062

0*593

0*655

When the ratio of 2 parts of silver to 1 part of gold is used, it is seen that

the amount of silver retained by the cornet is less, the loss of gold greater

and the surcharge less than when more silver is used.

If the surcharges are higher, the relation of the results remains approxi-

mately the same as shown below :

—

Ratio of silver to gold, . . . 2*75 2*00

Per 1,000. Per 1,000.

Surcharge—Series (a), . . . -f 0*608 + 0*466

„ „ {h), . . . + 0*873 + 0*705

If less than 2 parts of silver to 1 of gold are used, the surcharge begins to rise

again, as follows :

—

Ratio of silver to gold, 2*17 2*00 1*90 1*75

Surcharge, ])er 1,000, + 1*05 + 1*03 1*15 + 1*60

If the ratio of silvei* to gold is lower than 1*75 to 1, the cornets are not p:ro]:)crly

parted by boiling in two acids in tlie ordinary way. By boiling foi* lialf an
hour each in three acids of sp. gr. 1*26, 1*32, and 1 *1 1 res])ectiveiy, tlie following

results were obtained

Ratio of silver to gold, . 2*00 1*90 1*75 1*50 1*25 1*00

•Surcharge, per 1,000, . +0*80 -9 0*80 “l-0’87 I-
1*52 "[-3*60 -1 533*0

Among other results, it was found that the uniformity of the assays was

gj’eater when the ratio of about 2 to 1 was used than in ili(3 case of other

ratios. This led to the adoption of tlie ratio of % to I for iiullion assays at

the Royal Mint.

Occluded Gases,—Graham'^ jnovod that c.ertaln c-ornets rein-ined twicv,

their volume of gases (mainly carbon monoxide) in occlusion afi/cr annealing.

This would amount to two parts by weight in 1 0,000. Aec.ording to Varrcn-

trapp, the gas retained varies with the temperatiu’c at which a.nnea.ling takes

place. Recent experiments at the Royal Mint show thai/ under ordinary

working conditions the amount of gases absorbed by cornets is pra(’tic.aily

Checks or Proofs.—Since the losses and gains detailed above arc dependent
on so many conditions, it is always necessary to subjce-t c.bc(‘-k-pic(jcs of known
•composition to the same operations as the alloys under examination. The
use of checks in the Royal Mint was prescribed by law as early as the four-

teenth century.- Standard trial plates (91,6*6 fine) were made a,nd used for

^ (iiraliain, PhU. Trann. Hoif. Son., ]>. 5S.S.

2 Fo'uHh Amimd Hnpori ofUlui Mint, 1878, p. 88.
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this purpose. Pure gold is now in general use for check assays except in

special cases, such as at mints and hall marking offices.^ If 1,000 parts of

pure gold were taken originally as a check, and the weight of the resulting

-cornet is 1,000*3, then 0*3 must be deducted from all the other results. No
appreciable error is caused, provided that the standard of the alloys under
examination is not much below 1,000. For example, if an alloy is 900 fine,

the amount to be deducted may be assumed to be nine-tenths of 0*3 per

1,000 or 0*27, the error in deducting 0*3 being in this case one-tenth of the

surcharge. Experiments show that the assumption made above is justified,

and that the loss of gold is proportional to the amount of gold present if the

composition of the assay pieces is similar. The errors introduced by the use

of different weights are usually much greater, unless they are carefully ad-

justed (see above, p. 538).

When the bullion to be assayed contains a large proportion of a base

metal or metals, check assay pieces are made up of similar coihposition.

Duplicate check assays for each variety of bullion in the batch are required.

In cases where the composition of the bullion is not already approximately

known and cannot be judged by considerations arising from its colour,

hardness, origin or other data, the effect of the base metals on the surcharge

is ignored. The assays are in that case less exact, and the unlmown base

metals will usually cause an increase in cupel absorption, so that the results

will be too low.

The variation of surcharge caused by differences of temperature and
draught in various parts of the muffle is determined by placing check assay

pieces in suitable positions in the batch. The exact number of proofs and
their positions is a matter for experiment with each furnace in use, and
varies with the size of the batch of assays. At least two proofs, and preferably

three, are used for a few assays, and from four to six proofs are usually enough
for a large batch, such as 72, as used at the Royal Mint. With careful work
the surcharge throughout the batch does not vary on account of differences

of temperature and draught in the furnace.

It has been assumed above that absolutely pure gold is used for

proofs, but pure gold is not always available for the purpose. The
method of preparation of proof gold in use at the Royal Mint is given below.

Since the assay of an alloy only gives the relative fineness of proof gold and
the alloy, it follows that, if the proof gold is not quite pure, the amount found

in the alloy will be in excess of the truth. If a sample of proof gold is less pure

than the finest yet obtained, an allowance is made. Thus, if it is 999*9 fine,

a deduction of 0*1 is made from all results of assays checked by it. This

deduction is readily proved to be a very close approximation to the correct one.

Lastly, the “ weighing-in ” correction is applied. If the original weight

taken was, say, 1,000*4 (recorded as + 4), it is sufficient to deduct 0*4 from

the final weighing. In this correction 0*4 of alloy is reckoned as fine gold,

but the error is inappreciable when alloys differing but little from pure gold

are under examination. In the case of an alloy 900 fine, nine-tenths of the

weighing-in correction must be added to or deducted from the weight of the

cornet. If the alloy is 500 fine, one-half of the weighing-in correction must
l)e applied, and in general if the weighing-in correction is x and the weight

of the cornet is y, the correction to be applied in weighing out is

^ Roberts-AuKten and Rose, Prov. lioiu No--., 1900, 67 , 105; 1902, 101.
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Preparation of Pure Gold.—The purest gold obtainable is required for

use as standards or check pieces in the assay of gold buliioil. The following

method of preparing it is now in use at the Royal Mint. About 20 ozs. or

620 grammes of gold assay cornets from the purest gold which can be obtained

are dissolved in a large flask in about two litres of aqua regia consisting of

a mixture of 400 c.c. of nitric acid and 1,600 c.c. of hydrochloric acid. The
acid is added little by little, and heat is not applied at first, or the action

will be too violent. When action is at an end and all the gold dissolved,

the solution is decanted into a large porcelain basin, the undissolved silver

chloride being separated, and the excess of acid driven off on a water batliy

the sides of the basin being kept cool to prevent gold chloride from creeping

up the sides. At the finish the blackish-red liquid is raised to 100° for a few
minutes and tlien allowed to solidify. It should solidify at about 70°. The
solid consists of HAuCi4 . It is dissolved in distilled water and diluted to

about 20 litres {4| gallons) in a cylindrical glass jar. More silver chloride is

precipitated and is allowed to settle clear, an operation which takes from
3 to 5 days. The clear liquid is then siphoned off from the silver chloride

into an equal volume of distilled water, when it remains clear, no further

separation of silver chloride taking place. The mixture is siphoned into a
saturated solution of SO 2 in distilled water. This is conveniently made by
passing the gas coming from a siphon of liquid SOg through two wash bottles

and then into distilled water. The amount of SO2 solution required is about
60 litres, into which the 40 litres of gold solution is sijyiioned in a thin stream
with constant stirring.

Under tliese conditions the yellow-coloured gold solution is instanti}'

decolourised, owing to tiic reduction of llAuCJ., to HAuCh, thus :

—

HAuClj -h SO2 H- 2lLp - HAuCla -I- 21101 -h

After a few minutes gold begins to be precipitated in a line state of division,,

the action being represented by the following C(j nations :
-

2HAu0L> h HO2 -h 2II2O -- 2Au
!

11101
}
M.SO,

3HO.^+ 6II 2O -- 2Au H- 3II 0SO., 81101.

The precipitation Is effected in live largo cylindrical ghiss vessels.

The gold is allowed to settle for a few Jiours, after which, 1/he eJcjir soluifon

is siphoned off and the precipitate is washed by dec.anlaOon in a pui'c.ehiin

basin, and is then transferred to a large llask of a. eapa^nty of 3 oi* i litrcis

and repeatedly shaken with cold distilled watei*. 4'he mouth of (he Ihisk

is closed by a watch-glass hold in position by tiie linger during tlie sluiking.

The water is frequently changed at llrst, but is left unc-haaig(Mi for sevei’ul

hours after the first few days. After washing for a week wit/li (U)ld wai-er,

the gold may be treated with strong ammonia witfi oe.c‘a,siona.I sliaJ<ing

for 24 hours and the washing witii cold water resumed. (It is fouml,

however, that if this is done, a trace of ammonium sulphate is (txpiilled

from the gold on melting.) Finally, tiie flask is boiled for a f(nv da,}'s,

with occasional clianges of water, until the presence of chlorides in the waf ei*

can no longer he detected in a long test tube by mea,ns of silver nitrate, after’

the gold has been boiled in the unchanged water for five or six, hours. The
entire operation of washing occupies two or three weeks, distilled water

being used tluoughout.
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The gold is then dined in a covered porcelain basin and melted in a clay

pot which has previously been washed out with molten borax. The pot is

covered and heated in a gas furnace in an oxidising atmosphere. No flux

is used, but it is advantageous, at any rate in some cases, to bubble oxygen
through the molten gold for a minute or two before pouring. The gold is

poured in an iron mould, which is neither smoked nor oiled, but rubbed with
powdered graphite, and then brushed clean with a stiff brush. The ingot is

cleaned by brushing and heating in hydrochloric acid, dried, and rolled out.

The rolls must be clean and bright, and free from grease. The surface of

the rolled gold plate may be again cleaned by scrubbing with fine sand and
ammonia and also with hydrochloric acid, but if it is left rough, the plate

readily accumulates impurities on its surface.

The addition of hydrobromic acid to the clear solution of gold chloride

has been tried without throwing more silver out of solution or affecting the

quality of the gold. An additional precaution is to remove the gases taken
up by the gold dmfing the process of melting by heating it to redness in vacuo,

but the consequent improvement in fineness, if any, cannot be detected by
assay. The method has also been tried of melting the precipitated gold in

a silica tube in vacuo and allowing it to solidify before admitting the air.

On the solidification of the gold the tube breaks. There seems to be no
improvement in the fineness of the gold due to this treatment.

Fine gold is made a little purer by scraping it just before it is assayed,

and also by heating it to redness, as suggested by S. W. Smith. This is

probably due to the removal from the siuface of impurities such as grease,

mois1>ure, dust, condensed vapour, etc.^

Oxalic acid is often used instead of sulphm’ous acid as the precipitant,

and is stated by Ki'uss to be the best precipitant if platinum is present.

Platinum is not precipitated from its solution as tetrachloride by sulphurous

acid, and tellurium, though reduced by sulphurous acid at the same time as

gold, would not be present in the solution under the conditions named.
Sulphurous acid acts in cold solutions, but if oxalic acid is used, it is better

to warm the solution and to leave it to stand for three or fom* days.

J. \¥. Pack ^ uses aluminium to precipitate the gold from its solution

as chloride. F. Myliiis extracts the gold chloride with ether, but the method
gives poor results, judging from an examination of the gold prepared in this

way at the Hamburg Mint. At the Melbourne Mint, fine gold is prepared

by passing chlorine gas through molten gold previously purified by pre-

cipitation and washing."^ The results are highly satisfactory.

Limits of Accuracy in Gold Bullion Assay.—^Attention may here be drawn
to the errors introduced by the lack of delicacy of the very finest assay

balances in ordinary use.. It has elsewhere been shown by the author ^ that

by weighing in the way indicated above, erroi’S not greater than 0*15 per

1,000 may be introduced. It is, therefore, clear that this amount represents

the limit of accuracy when such balances are used. By weighing correctly

to 0-01 per 1,000, liowever, and performing all other operations with scrupu-

lous care, then in the determination of gold in high-standard alloys of gold

and copper, or of gold, silver and copj)er, whethei' pure or contaminated

‘ 1’. Iv. UoHc, ./. of Mrtoh, lUl.a, 10, KJO.
'•i P:ic,k, Mnij. <1,1(1 >Sri. /Ov-.s.s*, Mar. 7, 1008, i>. 824.
'* Myliii.s, X<'i(.s('h. att.or</. (Uwoi., 1011, 70> ‘*^08.

li . Powtn* and K. Law, Fo,'t,i-fourth Annual Rc.port of the 1018, p. 188,
'• r. K. Lose, ./. Rhrni. .S'ee., 180.8, 63 , 700-714 ; wee also J. Plielps, llmt., 1010, Q7 . 1272.
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with traces of lead, bisniiitli, zinc, antimony, nickel, and some other elements,

the error does not exceed ± 0*02 per 1,000, if the mean of three results

is taken.

Parting with Sulphuric Acid.—The use of sulphuric acid of 66° B. instead

of nitric acid for parting is recommended by some assay ers on tlie ground
that the losses of gold by dissolution in nitric acid are variable, while sul})huric

acid does not dissolve gold. The inconveniences sufered by the use of sul-

jjhiiric acid are that (1) lead and platinum are left undissolved by it
; (2)

violent bumping of the liquid occurs during ebullition
;
and (3) sulphate

of silver is not very soluble in water, and the washing is consequently done
with dilute sulphuric acid. However, it is stated that less silver is left un-

dissolved in the cornets than in the parting by nitric acid if the proportion

of gold to silver is between 1 to 2 and 1 to 3.

Preliminary Assay.^—If the composition of an alloy is quite unknown,
a preliminary assay is necessary in order to determine the right quantities

of silver, copper, and lead to be added. This determination may be made
by the touchstone, hy considerations of the colour and hardness of the alloy,

or by cupelling 0‘1 gramme of it with 0*25 gramme of silver and 2 grammes
of lead, and parting the button in a flask. Simple cupellation with lead

gives satisfactoiy results if silver is absent or insignificant in quantity
;

according to Fremy this method, in which parting is dispensed with, is

accurate to 3 inillicmes if carefully performed with proofs.

Assay of Gold by means of Cadmium.—Balling has shown ^ that cadmium
may be substituted for silver in tJm o{)ei'ation of ])artiug. The J gramme
of gold alloy is ])laced in a porcelain crucil)le in which a little fragment of

potassium cyanide lias been previously fused in order to protect the metal

from the air. Cadmium is then added in tlie j)roportion of 2^ to 1 of gold.

If silver is present in addition, the combined weigiit of (admiiim and silver

must be 2.] times that of the gold, friie whole is Ibised and then cooled and
plunged into hot water to clean the button, wliich is then parted, in nitricj

acid (specific gravity 1-2), boiled in water for some minutes, dried and weiglied.

The silver, if any, can be estimated by }>re(;ipitati()n as chloride from the acid

solution, or, })etter, by titration with sulj)hocyanide. .I,^y this method the

losses of gold and silver incidental to cupellation are ent/irely av(.)i(led. A
similar method, employing zinc in pla<*.G of cadmium, had [)reviously been

recommended by von J iiptner. •

Alloys of Gold, Silver and Copper.—These .may be a,sHaycd hy ih(‘ method
just given, the copper being estimated as dinVrenen; or i,hc gold may be

estimated as usual, and other assay pieces cufadled with enough lead U)

remove all the copper. The buttons thus obt-ained c.ontain silver a,n<i

gold only, and the j>roportion of silver is found by didVrence. ''Ihu^ met hod

of double cupellation, by which the button of silver a,nd gold is wiaghed

and then subjected to inquartation and part.ing, is less a.eciirat.e than that

just given, and both are inferior to cadtnium parting and HuIpho('yaau(hi

titration.

The cupellation designed to remove the copper is made with Jess l(^a,(l

than the quantities given on p. 527. If little gohl is ])]‘(‘.sent., half t h(‘- a,mount
of lead there given is used, with increasing proportions as tlu‘. amotmt. of gold

present increases. The temperature of cupellation must also b<‘, }ow(‘r than

^ fiiv Jinvj, imii Iff iSTtt n. 507.

.1 iiptner, ZrilHrh. anaf, <!hnn., i87ti, p. KM,
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lor gold, approximating more to that used for silver. Proofs of similar

tcomposition must be used and tbe operations require muck practice before

the necessary skill is acquired. Tke difficulty is that part of tke silver

is lost by cupel absorption and part of tke copper is retained in tke prill.

It is almost impossible to arrange tkat tkese two amounts skall be equal.

Accordingly tke metkod skould not be used. Tke cadmium parting alreadj^

described, followed by determination of tke silver in solution by titration

witk sulpkocyanide or by precipitation as ckloride, skould always be pre-

ferred. If less tkan 33 per cent, of gold is present originally, tke alloy may
be parted at once witkout cupellation and the silver estimated as above.

Effects of the Presence of other Metals on Gold Bullion Assay.—Tke
effects on cupellation are tke same as tkose given under ore assay (p. 507).

In general, if a scoria is formed owing to the presence of large quantities

of antimony, arsenic, cobalt, nickel, iron, tin, zinc, or aluminium, tkere is

a loss of gold. Tke alloy skould in tkat case be scorified witk lead as a pre-

liminary to cupellation. If mercury is present gold is carried off in tke form
of spray, and lost as tke mercury boils off. Tke presence of tellmuum is some-

times indicated by tke formation of numbers of minute beads of precious

metal dispersed over tke surface of tke cupel. Tellurium compounds are

best analysed in tke wet way (see p. 553).

If members of tke platinum group are present tkey remain undissolved

by tke parting acid, and kinder tke solution of tke silver, and tke assay is

consequently rendered umcliable. Tke treatment of tke alloys is discussed

below (p. 549). Tke effects of tke presence of small quantities of various

metals on tke surckarge in tke ordinary parting assay is skown below. Tke
table is tke result of experiments made by tke autkor.^ Tke presence of 5 per

ce^it. bismutk does not affect tke surckarge. All assay pieces contained

1,000 parts of gold, 2,500 parts of silver, and 91 parts of copper, otker metals

being added in tke proportions indicated

Metal added.
Antimony, Zinc, Tellurium, Jron, Nickel.

50 Parts. 70 Parts. 33 Parts. 50 Parts. 50 Parts.

Surcharge, -j- 0*42 -P 0*28 4- 0*35 4- 0*07 4“ 0*27 4" 0*22

Tkese differences indicate tke necessity of employing special checks

containing tkese metals if suck be present in tke alloys.

Assay of various Gold Alloys.

It is often impracticable to apply tke ordinary parting assay to the exami-

nation of low-standard alloys of gold witk other metals. These are then

tested by various otker methods, of which a summary is given below, the

•alloys being grouped in four series for convenience :

—

A. Alloys requiring scoriffcation.

B. Amalgams.
G. Alloys containing members of tke platinum group.

D. Te!l’.ii-iiun compounds.

A. Scorifieation of Alloys.—^Alloys of gold containing arsenic or antimony

are reduced to a fine powder and scorified witk thirty parts of lead and a

half part of borax. If tke slag becomes pasty towards tke end of tke

^ T. K. Ko.se, J. Ckem . Hoc.^ 1893, 63, 706.
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operation more borax is added, a little at a time. If the lead button

obtained is hard, a second scorification is necessary, with the addition of

more lead. There is some loss of gold in the slag.

Iron or Manganese Alloys .—The operation is tedious and diflicult with

these alloys, as they are diliicult to fuse, having higher melting points than
pure goldd and the oxides of iron do not form easily fusible compounds
witli the litharge. An extremely high temperature is required

;
ten parts

of lead, one of borax, and one of silica usually suffice.

Cobalt and 'Nickel .—Twenty parts of lead are used, but no borax at first,,

so that the oxidation of the nickel may not be hindered. A very high tem-
perature and the sulrsequent addition of two parts of borax are necessary.

Beveral successive scorifi cations are required as nickel and cobalt are difficult

to oxidise.

Zinc .'—Oxide ol /.inc does not form a fusible mixture with litharge, and
the slag is only rendered pasty by borax, unless it is added in large quantities,

(fold is lost in the slag, l)ut the loss is minimised by slagging oil; the zinc

as .i‘a{)idly as possible. Use 15 to 20 j^arts of lead and two to three jjarts

of silica, with a little borax. Instead o:! silica, caustic soda may be used
(W. A. C. Newman).

Tin .—Twenty parts of lead are required
;
oxide of tin is rapidly formed

but tl:ie slag is not easily fusible. Large amounts of borax are necessary,

or still Ijetter, })orax mixed with caustic potash or soda which forms
a fusible stannate with l^^nOa.

xikiminiiini.—Alloys c-ontaining this metal cannot be assayed by scori-

fication and cupellation. As soon as fusion takes j)lace in the mu ffie, alianiniiini

floats to the top of the batli, being of low density, and is raj)idly oxidised,

producing alumina whicli forms an exceedingly infusible scoria not easily

removed l)y litharge. The production of the latter, moreover, is checked

by the scum. Caustic, sodu, would form a, fusible aluniinate.

Edward Matthey observes ^ that' the removal of aluminium by digestion

in hydrochloric acid, auid the (lolleclion of the rc^sidiuil gohl, does not yield

satisfactory results. The process he .lauiommends is a,s follows ; Accuratriy

weighed portions of 50 grains caeJi of the afloys arc fused with, liilmrge, iindci*

a flux of potassium, carbonate and borax with a snuill proportion of powdei-ed

charcoal, and the resulting slag re-fused with, a further small (pianiity of

litharge and powdered cha;rc<)aL The lead buttons ('oiitahiing aJl t.hc gold

(the affimiiiiuTn having combined with the ,fluxes employiMl) are cuj)el!e{i,

and the resulting gold cupelled with silver and parted witfi nit.j’ic a(i<l in the

usual manner. IMie assays ;must be worked witli checks or stn.ndards of line

gold a:nd pure aluminium.

In the majority of the jvrcceding cases ii) is better to analyse the alloys

by wet metliods (see p. 55^4).

B. Amalgams,—The alloy is j)hu'-ed in a weighed porc.elain (frucible

and gradually heated so as to drive olT IIhj njer<uiry. Aftei' the greater part

of the mercury has been driven oil; the temperature is raised to a full I’ed

heat which is maintained for half an hour. About 0*1 pei' ctmt. of nicrciuy

still remains in the gold after this treatiuci,ij'. and can only^ be completely

removed by cupellation and |)arting. Checks .must be used, as the loss of gold

in the operation may aanount to 1 ])cr 1,000.

Erdiny, Envji. (Jkun., vol. iii,, L’or, ]>. 147.
“ Matthcy, /Vi/7. Tmnn. Hoy.Sar., 18e2, 183, A»<>47.
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A better method is to dissolve the mercury in nitric acid mixed with an
equal volume of water. A porcelain crucible or basin should be used and
gentle heat applied. If the action is not too violent the gold does not break
up, but is left as a spongy coherent mass. It is washed, first with nitric

acid, and finally with water, and ignited. After ignition, further treatment
with concentrated nitric acid for a few moments is necessary. The gold
still contains some mercury, which is removed by cupellation and parting.

Mercury may be made use of to collect very finely divided precipitated or

parted gold into a coherent mass, the mercury being removed with
nitric acid,

C. Platinum Group.—Cupellation must be performed at a higher tem-
perature than usual, and the iridescent bands are seen to remain longer,

although they are less numerous.
Platinum-Gold Alloys.—The button obtained by cupellation is dull and,

crystalline. If the alloy contains as much as 7 or 8 per cent, of platinum
the cupellation proceeds slowly, brightening is only obtained at a very high
temperature and the button appears flattened, and has a rough crystalline

surface and a grey colour. If more than 10 per cent, is present, brightening

does not occur at all, and the other features just mentioned are more strik-

ingly exhibited. On parting, the platinum is partly dissolved with the silver,

but the assay-piece must be boiled in acid for a long time, and the parting

is incomplete. When the ordinary parting assay is used the results are not

satisfactory if more than 1 or 2 parts of platinum are present per 1,000 of

alloy. It is necessary, if more platinum is present, to add fine gold in accord-

ance with the rules given in the section below on the assay of alloys of gold,

silver, platinum and copper.

Edward Matthey recommends^ the following method for alloys of

platinum 900, and gold 100 parts :—^50 grains of each of the alloys are taken

and treated with an excess of nitrohydrochloric acid which gradually dissolves

the whole. The resulting solutions of platinum-gold chloride are then evapo-

rated nearly to dryness to drive ofl the free acid and diluted with distilled

water to about 20 c.c., a degree of strength ascertained by experiment to

be the best for the precipitation of the gold. The metallic gold is thrown
down by means of crystals of oxalic acid, and is carefully washed, dried

and weighed. It is necessary to use checks.

Alloys of Gold, Silver, Platinum and Copper.—In this case it is necessary

to determine in the first instance the approximate composition of the alloy

and afterwards to make an exact assay.

In the approximate assayf the amount taken is usually 50 milligrammes.

This is cupelled with 1 gramme of lead at a very high temperature, and if

the button is flat it is again cupelled with more lead. When a rounded button

has been produced its weight is accepted as that of the gold, silver and platinum

together. The button is cupelled with twice its weight of silver and parted

in concentrated sulphuric acid, which dissolves the silver and leaves the gold

and platiniim as a residue. The gold is parted from the platinum in nitric

acid, but it is necessary for the amount of gold to be at least ten times that

of the platinum, in ordei* that the result may be satisfactory. This propor-

tion of gold is accordingly added with 2| times its weight of silver, and the

cupelled button is parted in nitric acid. The cornet represents the original

^ Matthey, op. cif., p. 04*.).

2 T. K. Rose, Tho Frraious Mctah, p. 272.
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gold contents (after allowing for the amount added) and the platinum is taken

by difference.

Thus, to take an example :

—

Weight of alloy taken for assay, . . 100 half-milligrammes.

Weight after cupellation (Au -h Pt -f Ag), .95 ,,

To this is added 100 mg. of silver, and
the whole is cupelled. The weight after

second cupellation and parting in sul-

phuric acid (Au*-|- Pt) is . . .75 ,,

To this 750 half-milligrammes of gold and 2| x 825 or 2,062*5 half-

milligrammes of silver are added, and the whole is cupelled.

Weight after third cupellation and parting in nitric acid = 800 half-

milligrammes, of which 750 had been added in the form of pure gold. The
approximate composition of this alloy is thus determined to be as follows :

—

Gold, 50

Platinum, . . . . . . .25
Silver, ........ 20

Copper, ....... 5

100

Fi/nal or Exact Assay.—^Errors may occur owing to the following-

causes :

—

(1) In cupellation, copj^er is retained and is liable to be weighed as silver.

A second cupellation with fresh lead would remove tlic copj)er but occasion

a loss of silver.

(2) In the sul{)hiiric acid parting some platinum may be dissolved in the

strong acid.^ Tliis is prevented by using slightly diluted acid for the first

boiling—c.f/., 100 ])arts by volume of concentrated achd, diluted wit h 20 parts

of water. The second boiling may be in concentrated acid, or similarly

diluted acid. On the other hand, part of the silver remains undissolved in

sulphuric acid.^ This can be ])rcvented (u) by increasing the proportion of

silver to 8 or 10 times that of the gold and platinum ta.ken together, a course

which results in the cornet breaking U]> ;
or (6) by adding gold Ih) make

its ratio to platinum at least 10 to .1
,
and adding an amount of silver e(jual

to three times the amount of platinum and gold (;oml)ined.’*

(3) In the nitric acid ])arting, part of the platinum remains in the c.ornet

undissolved. The amount, however, is small (1 or 2 pa^’ts [XU* 1,000) if the

ratio of gold to platinum is 10 to 1, and that o! silvei* to gold arid plaf imim
combined about 3 to 1.'^ The errors are avoided or reduced to small propor-

tions by the use of proofs or check assay pieces, ilie composition of whir^b is

determined by the approximate assay, and by the adoption of the following

scheme of operations, which was worked out by M. Forest at tlie Ihuls Mint.^

^ A. Steiinnaini, ./. S'or. (f/irjH. lUll, 30, 12H>.
^ .1. F. Thdnipsoii aiul E. H. Miller, ./. Awar. (Uwut. 100 ( 1

,
28 , 1115.

8 H. (Oiyniiehael, ,/. Xor. (t/irm. /ml., lOOS, 22, i;;24.
^ Carmichael, lor. rit.

;
also ThoiupHon and Miller, tor. rlt.

G 'par PA<hainhtratum. </ch Monnaivii H IMvftaiKr.s, 1001, ]>. xxix. See alno-

E. A. Smith, Thr Sauiplinij amd Amip of (hr PrrriouH Mriah., pp. 410-428.
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Take 0*5 gramme 1,000 ’’ in gold bullion assay weights) of the alloy

for the sulphuric acid parting if the platinum does not exceed 100 niilliemes,

and less weight if a greater proportion of platinum is present. Gold is

added, if necessary, to give a ratio of ten parts of gold to one of platinum.
The amount of lead required for cupellation is about double the amount

of lead which would be required in a gold assay (see p. 527), so that in a case
in which the copper amounts to 150 per 1,000, about 15 grammes of lead

would be used for 0*5 gramme of the alloy. In cases where the platinum
exceeds 200 per 1,000 of the alloy, d’Arcet and Chaudet recommend a second
cupellation with 1 or 2 grammes of lead.

If there is a surcharge in the proofs of more than one or two parts per

1,000 in the first cupellation, showing retention of copper, the prills are

recupelled with fresh lead.

Taking as an exami)le a case in which the approximate assay of the

alloy is-™

Gold, .... . 500

Platinum, . 250

Silver, .... . 100

Copper, . 150

1,000

the weight taken for assay will be 0*25 gramme.
The cupelled button or prill in this case requires the addition of 0*5

gramme of gold, and is cupelled with 3 parts of silver to 1 part of gold

and platinum taken together—that is to say

—

Gold -f- platinum =0-75 gramme.
Silver aheady present =0*025

,,

Silver required to be added = 2*225 grammes.

The amount of lead required for this second cupellation is 5 grammes.
The button is worked as described above in the assay of gold bullion

and the cornet boiled in slightly diluted sulphuric acid for ten minutes.

This is a delicate operation, as the boiling point of sulphuric acid (325° C.)

is so high that glass vessels are liable to be cracked by cold draughts. More-

over, the acid boils explosively with heavy bumping, and boiling sulphuric

acid is terribly corrosive and inflicts dangerous wounds. It is advisable

to use silica ware or a platinum boiler, if possible, but if glass is used it must
be protected from the air by being wrapped in asbestos, and heated at the

sides more than at the bottom. Sometimes pieces of carbon are added or

a capillary tube,^ to assist the acid to boil quietly. After boiling, the vessel

is allowed to cool, as otherwise it would crack during decantation. The liquid

is then decanted into a dry vessel, or into a considerable bulk of cold water,

to avoid danger from the heat generated by mixing sulphuric acid and water.

The decantation must be as complete as possible, to avoid heating on the

addition of the washing water, which should be warm in order to dissolve

the sulphate of silver. After washing twice, the cornet is again boiled for

ten minutes in sulphuric acid and washed, dried and annealed. Its weight

less 0*5 gramme, the amount of gold added, gives the amount of gold

+ platinum, in this case 750 per 1,000.

^ Smith, op. cit.^ p. 419.



552 THE METALLURGY OF GOLD.

For the determination of the gold, 0-25 gramme or 500 half-milligrammes

of the original alloy is taken, containing approximately

—

250 gold

125 platinum

50 silver

75 copper.

This is cupelled with 0-5 gramme of pure gold, making 10 parts of gold to

1 part of platinum, and 2*25 grammes of silver and 5 grammes of lead. The
resulting button is worked and parted in nitric acid as described in the assay

of gold bullion. If, as generally happens, there is a. surcharge in the check

assays of more than 1 or 2 parts per 1,000, showing the retention of platinum,

the inquartation and parting is repeated. Tlie final weight is then 1,250,

and after deducting 1,000 and doubling the remainder, the 3‘esiilt 500 is

obtained.

If necessary as small a quantity as 0*1 gramme may be taken for assay.

This is a convenient amount for alloys containing 900 to 950 platinum and
the remainder gold.

The cu])e]lation requires a higher temperature in proportion as the per-

centage of platinum is greater, and alloys containing over 50 per cent, of

platinum cannot be freed from lead without the help of the oxygen-gas blow-

pipe. The dissolved platinum colours the nitric acid solutions brown. The
cornets are dark coloured or grey if they contain platinum.

Alloys ])alla(Iium is dissolved in parting if the

weight of silver is at least three times that of the gold, yielding an orange

coloured solution. Matthcy rcconunends double j)arting. Separation may
also be oil’ected by fusion with six. to eight j)arts of potassium, [)isulj)hate,

‘and dissolving out the diirk brown palladious sulphate hy boiling water.^

A second fusion is usually necessary to render the gold I'csidue (juit e pure.

As in the case of |)Iatinuni, palladium may be sc|)a,rated irom gold by

dissolving tlie alloy in acjua regia., cvaiporating to dr)' ness, t;a,lving up with

water and precipitating the gold by oxali(^ acid from a. vaay dilute solulioti :

the palladium remains in soluti(,)n.

Rhodium-' and IndiumrGold Alloys,- li'idium, if present., a.lways sinks

to the bottom of the cupelled button as it is very dense (specific. gra,vil.y

21*38), and is not usually fused at the temperature of the mullle, hut occui’s

in the state of line black crystalline particles. Hence, when tlie button is

rolled into a cornet with tlie lower face outwards (|). 535) ii’idium occurs as

black sooty spots or streaks which are seen by a lens t.o fill up depressions

in the surface of the gold.

Both rhodium and ii'idium are almost insoluble in a,(jua, regia. If gold

alloys containing lioth of them a.re ]>a.rted in the oi'dinary way with nitric,

acid, only a small quantity of rhodium goes into solution with the silver.

The residue consisting of the gold, the ii'idium and most of the rhodium
may then be attacked by dilute aijua regia, when the gohl is dissolved toget.her

with only traces of the other metals. These ina.y he sejiarated b}' (evaporating

the solution to dryness and licating to dull redness, wlnm the reduced met.als

being no longer alloyedmay bo comiiletely separated by dissolving tine gold

in aqua regia.

^ H. IloKc, quoted Uy K. ( 'uuieugc and t]. KucIik, l?(>r dam le /a I o 'a lui/r {Viviny, /any.
CJkim.^ p. 177.
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According to d^Hennin/ iridium may be separated from gold by fusing
it with fluxes, the charge being made up as follows :

—

Iridic gold, . . . . . . 12‘5 grains.

Sodium arsenate, 3 „
Black flux (a deflagrated mixture of nitre

and tartar), 18 „
Ordinary flux (consisting of borax, cream of

tartar, charcoal and litharge), . , 20 „

The iridium forms a speiss with the iron and the arsenic, and the lead button
formed at the bottom of the fused mass contains all the gold.

The estimation of osmium, iridium, and ruthenium in gold bullion has

also been studied by Riche, Leidie, and Quennessen,^ assayers at the French
Mint.

D. Tellurium Alloys.—These must be treated by wet methods. The
.alloy may be dissolved in nitrohydrochloric acid, and the solution con-

taining both gold and tellurium evaporated with a large excess of hydro-
chloric acid until no more chlorine is given ofl, when both gold and tellurium

are readily precipitated by a cui*rent of sulphur dioxide gas. On attacking

the precipitate with dilute nitric acid the tellurium is dissolved in the state

of tellurous acid, and the gold residue may be dried and weighed, and its

purity ascertained by inquartation and parting. The greater part of the

tellurium may be removed from gold-tellurium alloys by boiling in nitric

acid, and the residue can be cupelled and parted with very little loss of gold.

Wet Methods of Assay of Gold Alloys, Compounds, etc.—Assays or com-
plete analyses of gold bullion, natural minerals, etc., can be made by the

ordinary chemical methods given in books on quantitative analysis. From
1 to 5 grammes of bullion are usually enough, but a much larger amount is

necessary if the alloy is nearly pure gold. M. Forest ® takes 300 grammes
of gold bullion when examining it for small quantities of impurities. In

general the residue left after prolonged action of nitric or sulphuric acid is

not sufticiently pure to weigh as gold, and complete solution in aqua regia

is usually necessary. From the solution the gold may be precipitated by
(a) ferrous sulphate, (6) sulphurous acid, (c) oxalic acid, (cl) sulphuretted

hydrogen, (e) ammonium sulphide, followed by the addition of hydrochloric

acid. The following remarks may be of value in aiding the chemist in his

•choice of a precipitant in any particular case.

Nitric acid must always be expelled from the solution by warming with

successive additions of hydrochloric acid. The acid solution must not be

heated too strongly or loss of gold chloride by volatilisation occurs. Some
other chlorides escape more freely. Ferrous sulphate and sulphm’ous acid

act well in strongly acid (HCl) solutions
;
oxalic acid, sulphuretted hydrogen,

and ammonium sulphide best in presence of small quantities of HCl. The
solution should be dilute (say 1 part of gold in 300 of water), so that other

metals may not be carried down by the gold. Sulphate of iron gives a very

finely divided precipitate which is difficult to wash by decantation without

loss
;

])recipitation is slow in cold solutions. Oxalic acid causes plates and

scales to forjn which are readily washed and are very pure
;

it acts best in

(Uf founiii, Pofti. I37» 44M
fliiitihnv Eiipport par PAdmin istraiion tics Monnaies ct MedaiUes, 1003, p. xxix.

Forest, Ncaribav Rapport par PAdministration das Monnaies et Mcdailks, 1904, y. xx;
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1

boiling liquids, but a temperature of 80^^ for forty-eight hours suffices
;

in

the cold or in the presence of much hydrochloric acid or alkaline chlorides

tile action is very slow and partial
;
a large excess of the precipitant must

be present. Oxalic acid is used for solutions containing metals of the platinum

group, which are not precipitated by it. Alkaline oxalates act better than
the free acid.

Sulphurous acid is an excellent precipitant for most solutions. It acts

rapidly and completely in the cold, and does not readily precipitate other

metals, except tellurium. Sulphuretted hydrogen is used in the absence

of all other metals whose sulphides are insoluble in hydrochloiic acid.

In all cases careful consideration must be given to the nature of the

base metals present, and the precipitant which will not render any of them
insoluble must be selected.

Other Methods of Bullion Assay*—Among methods which have been

proposed at various times, and which may still be of service occasionally

in particular cases, may be mentioned :—(1) The trial by the touchstone

(a method still extensively used by jewellers)
;

the assay by means of

considerations as to (2) the colour, and (3) the density of alloys ; ,(4)

spectroscopic assay. A brief description of each of these methods is

appended.

1. Trial by the Touchstone.—This is the oldest method of assay. It is.

described by Theophrastus, about 300 b.o.,^ and the methods in use in Ger-

many in the 16th century are fully detailed in Agricola. ^ The assay consists,

in rubbing the gold bullion to be tested on a hard dark-coloured smooth
stone, and comparing the appearance and colour of the streak with those

made by carefully ])reparcd touch needles of known composition. The
effect of the action of nitric acid and dilute aqua regia on these streaks is

also noted. Touchstones usually consist of Lydianstone oj‘ of silicified wood,

and black or dark green stones arc best. (Inly alloys of gold a,nd co})per

or of gold and silver can be thus tested. The trial is more sensitive for alloys

below 750 fine than for higher standai’ds. The amount of gold in alloys

between 700 and 800 fine can be detennincd correct to 5 pa.rts per 1,000.

2. Colour and Hardness of Alloys.—These properties foimi a guide to-

the composition of co])per-g()ld alloys, an increase of copper corresponding

to a lieichioning of the colour and an increase of the hardness as test ed with.

sheai‘< 01 ' a knife. On heating the alloy to redness in air, the degree of l)hick-

ening of the surface is a further indication of the perc.entage composition,

if compared with, plates of known fineness.

3. Density of Gold-copper Alloys.—Tlie deiennimition of tlK‘, iimmess

of these alloys by taking their densities was investigated by Roberts-

Austen at the Royal Mint in 1876.'* He showed that:, t-he densities found

by experiments were nearly equal to those obtained by caieiilat ion on tlic

assumption that the union of the two metals wa,s a,ccom|)anicd neither by
contraction nor expansion. Tlic alloys examined ratigcd from 860 to 1,000

fine, and were made into discs which were all compressed to the same extent:.

The conclusion anived at was that the fineness of large masses of gold can be

deduced from their densities correct to
,

|)art. lu tlie (uise of individual

coins the results arc only approximate.

^ Hoover’s Affrwo/tf, p. 252, note 57.

Op. vit., pp. 252*200.
^ Roberts"Austen, SrrnUh Antmaf IlrporC nj thv. Mint, 1S70, p. 41.
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4. Assay by means of the Spectroscope.—This method of determining

the composition of gold-copper alloys was investigated by Lockyer and
Roberts-Ansten.^ The arc spectrum of pure gold was shown to be altered

by successive additions of copper, and near the English standard (916-6 fine)

a difference of 2 or 3 parts in 10,000 in composition could be readily detected,

but the amount of metal volatilised is so small that it cannot be made ta

represent with certainty the average composition of the mass, which is never

perfectly homogeneous. When operating on a slip of alloy formed of

Silver, 708

Copper, 254

Gold, ... 38

1,000

the spectra of copper and silver alone were visible (Cupel). In an alloy of

gold and copper containing from 200 to 250 parts in the 1,000 of the precious

metal, the gold spectrum is barely visible. On the other hand, in an alloy

of gold and copper containing traces only (-01 per cent.) of the latter, the copper

spectrum was distinctly shown.

The detection of traces of gold in alloys or ores by means of the spectro-

scope, though sometimes attempted, is not remarkable for its delicacy or

certainty. One method of procedm:e ^ is to dissolve the amiferous material

in aqua regia, evaporate off the nitric acid, and pass induction sparks through

the surface film of liquid, when the spectrum shows some narrow bands

and some nebulous bands. The latter only are seen if a drop of the solution

is placed in a Bunsen flame. The method may sometimes be useful when
complex minerals are being examined.

^ Lockyer and Roberts-Austen, Phil. Trans. Roy. Hoc., 1874, 164, [ii.], 495, and Mint
Report, 1874, ]). 88.

2 Fremy, Ency. Chiiii., vol. iii., T/or, xi. 184.
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STATISTICS OF GOLD PRODUCTION,

Annual Production of the Gold Mines of the World.—^The production of

gold in ancient times cannot be closely estimated, but, judged from a modiu'u

standpoint, it was probably very small. In the middle ages, howevei’, between

the fail of Rome and the discovery of Ameidca, the production was far smaller

than before, and Jacob observes that in this period ‘‘the precious metals

were sought not by exploring the bowels of the eai*tli, but by the more
summary process of conquest, tribute, and plunder.” Even after the ex-

ploitation of the New World began, the output of gold was for many years

much too small to satisfy the cupidity of the conqiierors. The development
of the mining industry was prevented i)y the ruin and destruction of the

natives, and i)y the alimjst incessant irregular warfare waged against the

Spaniards in America in the IGtli century, first by the Dutch and later by
the English. Fifty years elapsed after Columbus discovered America, before

the annual jn’oduction of gold reached £1,000,000, and even at the end of

the ITtli century iSoetbeer ^ estimates that it was only £1,500,000. TJie

discovery and working of the rich. Jh.'azilian ])]acers during tJie next lialf

century raised the annual product tc) over £j,r)00,00() in the pci*iod 17:10-

1760 {8oetbeer), but as these deposits became exhausted, the output aga-iu

fell oil*, and in the period i8j.O-I82() had again sunk to about £1,500,000 pei-

annum. The gradual development of the Siberian placers was ihe main

cause of the sul)se(|uent steady increase in production u{) t:) an average

of £7,500,000 ])er annum in the period 1811-1850 (.Soetkeer), aaid this was

followed by a sudden vise* consequent on the (lis(U)veries in California, and

Australia. Tlie maximum output from the rich placers of t.hesc*. (‘ount-ries

was reached in 1852, when the woi'ld’s produc-tion of gold is estimated by

Sir Hector Hay to have been £56,500,000." After falling l/O £21,000,000

in 1862 (Hay), the output i*emaincd nearly stationary luitil aJxnit. y(‘a.r

1888, when, :from vaj’ious causes .mentioned below, ibe pi'oducJion agaJn

began to increase, and in 1800 reached £65,000,000. After a. sudden faJl

to £55,000,000 in lOOO owing to the Hoer Wa.r, the iniu’ease in |»rodtic.tion

was resumed, and- in 1011 the output was £08,(KHhOO(), tlie gi*eat.cst ajuount

on record.

The increase since 1888 is due (J) to the discawery a.nd development of

new districts, and (2) to the progi'ess in the art of jnetadlurgy. The goldfields

in South and West Africa, in West AustraJia, on tlu^ Yukon', a,t ()rippl(^ Ciaadc

in Colorado, in Mexico, Canada, India,, a,nd several other (’ounii’ies, have all

^ Soetboer, MitUriafcHj (tr., ISTb, {>. 1.

- Jteport of (hr ( oh (hr. J^rcr/ontt Mdofn {( J, 5,099), 1S.S7, ]>. .'>0S,
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been developed since 1888. The production in Africa alone rose from £900,000
in 1888 to £43,500,000 in 1912. Witb. modern practice, tbe development,

working out and abandonment of gold deposits is far more rapid than in

former times, and some of these fields already show signs of approaching

exhaustion.

The increase of production due to improved metallm’gical methods is

difficult to estimate. Most of it must certainly be put down to the account

of the cyanide process.

As regards the future production, it is obviously impossible to predict

what will be the effect of the opening up of goldfields as yet undiscovered,

or of the invention of new processes for treating ore of lower grade than that

which can now be dealt with profitably. Excluding the Transvaal, the pro-

duction of the rest of the world has been falling since 1909, and that of the

Transvaal has fallen since 1912. In the existing conditions a continued fall

in the world’s output appears to be indicated.

TABLE LV.

—

Gold Production of the World,

1848-1913.

Year. . Value in £ IMillions.

1848 13*5

1849 17*5

1850 18*5

1851 24*0

1852 36*5

1853 31 0

1854 25*4

1855 27*0

1856 29 T)

IHaV 26*6

1858 24-8

1859 24*9

1860 23*8

1861 22*8

1862 21*4

1863 21 3

1864 2*2*6

1865 24*0

1866 24*2

1867 23*2

1868 24*0

1869 24*2

1870 23*8

1871 23*3

1872 22*0

1873 22*3

1874 21*5

1875 22*1

1876 22*3

1877 23*4

1878 22*1

1879
1 QQA

20-8
91 *9

Year.
|

Value in .C Millions.

ISSl

18S2
1SS8
1884
1S85
ISSO
1887
1888
1889
1890
1891
1892
1893
1894
1895
1890

1897
1898
1899
1900
1901

1902
1903
1904
1905
1906
1907
1908
1909
1910
1911

1912
1913

20-6
20 '2

19-6

19T
19*5

20*4

21*7

22-6

24*9

23 *2

26*8

30*1

32 -4

37*2

40*9
41*5

48*5

59*0
63*0

53*7

53*4

61*1

67 ’2

70 -5

79 '2

81*7

83-9

89*5

93‘7

94*7

97-9

97*5

93 3
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Tiie table on p. 557 gives the production of gold in the world in millions-

of pounds sterling for each year from 184-8 to 1913d The figures for the

years 1848 to 1851 are quoted from A. Bel Mar’s History of the Precious

Metals, p. 179, and the Westminster Review, Jan., 1876. Those for the

years 1852 to 1885 are on tlie authority of Sir Hector Hay {Reyort of the

Gom'mdssion ou the Precious Metals, 1887 (C. 5099), p. 308). Those for

the years 1886 to 1899 are from the Reports of the Director of the United
States Mint. Those for the years 1900 to 1911 are from the Reports of

the Chief Inspector of Mines, Home Office (Mines and (iuaiTies, Part IV.,

annually). Those for the years 1912 and 1913 are from the Mineral

Industry, These authorities are the best available. Where the original

estimates are in dollars or kilogrammes, they have been converted into the

value in pounds sterling.

The fig ares in the following table giving the relative production for

the years 1900 to 1911 in the British Empire and in Foreign Countries

aje from Mines and Quarries (Home Office annual publication), Part IV.

The figures for the years 1912 and 1913 are from the Mineral Industry ;

—

TABLE LVI.—Relative Production Gold,

1 liritisli Knipire. llest of NVorld.

Year.

Kilos. Pcn*.unt.'if^e. Kilos. PereeiiUi^^e.

1000, 188,491 47*94 204,705 52*00

1901, 184,8.54 47*28 200,171 52*72

1902, 242,507
i

51*94 215,1.47 48*0(5

1904, 284,847 .57*92 20(5,845 42*08

1904, 40(5,144 59*41 209,994 4()*(59

1905, 442,005 .58*95 248,082 41 *05

190(5, 404,189 (50*84 244,447 49*10

1907, 472,149 (50*52 242,584 49*48

1908, 492,080 59*84 2(54,250 40*10

1909, 495,281 57*02 290,748 42*48

1910, .494,1.52 5(5*(59 .400,224 •1.4*41

1911, 44.0,477 57*25 40(5,488 42*75

1912, 44(5,985
i

(51*22 270,882 48*78

1914, 442,549 (54-44 250,4(52 4(5 ’OO

'Potal Kilos.

‘MVSMH)
:i<) 1,025

447,(544

4i)l,G72

51(5,127

580,087
508,(5.40

(514,742

(555,448

(58(5,020

(504,47(5

7 1 (5,8(55 i

714,8(57

(582,011
I

The curves in Fig. 222 are based on these figures.

The production of gold contained in or obtained from orii raised in the

individual countiies of the world dming the year 1911 are given in the

table on p. 559.^

^ Tho value of 1 oz. troy of fine .ijold i.s approximately £4 4h, 1

1

'55 Id. <»r ,l'l'2'17727.'5. O’Ik*

logarifclim of tliis imroher is 0*(52815(5I5. The value of 1 kilo^'raiaiiK! or .»2‘].7072(57 ozs, of line

grUd is ,Ul4(5'r)(575(5, loj^arithin 2*1454475. In United States eurretuey vaftn^s are

1 oz. $20.(571452, I kilogranime $(5(54.(5025.

^ Mhic^und Qiiarridit, 1011, ikirt iv,, Home Otlice, (J<1. 7,217,
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1900 1901 iSOZ 1903 1904- 1905 1906 1907 1908 1909 l9lO ISII l9lZ 1913

Year .

Fig. 222.—Gold Production of the World.

TABLE LVII.

British Empire.
Output ill Kilos.

Great Britain and Ireland, . . . . 11

Canada, ....... 14,717
Newfoundland, . . . . . • 71

British Guiana, ...... 1,342

South Africa, 256,642
Rhodesia, ....... 19,573

Swaziland, ....... 460
Bechuanaland Protectorate, . . . . 170

Gold Coast, ....... 7,899

Australia, ....... 77,346

New Zealand, ...... 14,148

Papua, 455
British Borneo, . . . . . . 879
India, ........ 16,388

.British Protected Malay States, ... 89
Federated Malay States, . . . . 287

Total for British Empire. . 410,477
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Rest of World.

Europe—
France,

Germany,
Austria-Hungary, .

Italy, . .

'

.

Portugal,

Scrvia,

Turkey,
Sweden,
Russia (for 1910),

North America—

United States,

Mexico,

South America—
Argentine,
Bolivia,

Brazil, .

Chile, .

Colombia,
Costa Rica, .

Cuba, .

Ecuador,
French Guiana,
Dutch Guiana,
Honduras,
Nicaragua,
Ikinama,
lAu’U, .

Urtigiia,>’,

VciK^zuela,

A jrica—
Abyssinia,

Belgian Cong(»,

Egypt,
French West Africa,

German East Africa,

Portuguese East Africa,

M'adagascai’, .

yl

China, .

Indo-diina, .

Ja])an, .

Forjuosa,

Korea, .

Dutch Fast Indies,

Phili])i)ine Islands,

Output in Kilos.

2,720
117

3,407
29

70
421

1

11

. 04,958

. 145,784

. 42,775

435
33

3,428
1,112

4,760

1,370
30

410
2,994
798

1,301

1,400
121

741

10 (>

1,278

301
913
158

55
375
93

2,859

•1,987

I 13

4,081

1,752

4,348

4,055
290

Total for r(;st of world, . , . 300,388

Total Output of the World in 1911, 71 0,805 kiIogra,imiH^s, or 23,047,728 o/s.

Of tlie total, Soutli Africa contributed 54 per cent., United States ‘iO-l

per cent., Australia 10*8 per cent., Russia 0 per cent., a nd Mexico 6 cent.,

these five countries contributing 81 j)er cent, of the output between tiiein.
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Tlie product of the United States for 1913, excluding the Philippine
Islands and Porto Rico, is divisible as follows :

—

^

California, . $20,241,300
Colorado, . . 18,109,700
Alaska, . 15,201,300
Nevada, . . 11,977,400
South Dakota, . 7,214,200
Arizona, . 4,101,400
Utah, 3,570,300

Montana, . 3,320,900

Oregon, . 1,477,900

Idaho, 1,244,300

New Mexico, 892,000

Washington, 657,500

North Carolina, 115,200

Other States, 52,900

Total, . $88,176,300

The product of Australia in 1913 is divisible as follows :—

^

Ozs. Fine.

Western Australia, ..... 1,314,043

Victoria, ....... 434,932

Queensland, ...... 265,735

New South Wales, ..... 149,657

Tasmania, ...... 33,400

South Australia, ..... 7,689

Total, 2,205,456

The product of the Witwatersrand alone in 1913 was 8,430,998 ozs, fine

of the value of £35,812,605,^ or 38-4 per cent, of the output of the world.

TJie total product of the chief gold-producing countries for the years

1850-1913 was as follows :

—

Australia and New Zealand (from 1851),

United States (from 1849),

Canada (from 1862),

India (from 1880), ....
West Africa (from 1880),

Transvaal (from 1884), .

Rliodesia (from 1898),

Other countries, ....

£640,607,000

722.294.000

63.994.000

42.381.000

12.050.000

401,000,000

25.282.000

643.613.000

Total, £2,451,221,000

* Jlcpoti of fJir Director of the ATin t, 1014, J). 107.

2 A ntma! fh i Mint, Ijonclon, 101*S, p. 150.

^ llv.port of ':>• i'r ’
I (thanihcr of M/iich.

The Stidht, 2Hth F(?l)riiJiry, 1014.
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Cost of Production of Gold,—In view of the fact that the value of money
is measured in almost all gold-producing countries by means of the weight

of the metal itself, it would be of special interest to estimate the average

cost per ounce of its production. Complete data, however, are lacking.

In the leading goldfield of the world, the Witwatersrand, the cost of pro-

duction per fine ounce of gold at those mills which were working more or

less continuously seems to have been about £3 10s. in 1892, and Hatch
and Chalmers estimated it for the mines situated on the outcrop of the

Main Reef at about £2 14s, in 1895. Later details are as follows for the

Witwatersrand :—

^

TABLE LVIII.

Year.
rolls of Ore

Milled.

1908
1913

18,196,580
25,628,432

Cost per Ton Cold Produced,
Milled. Ozs.

18b. 0(1. 6,782,538
17s. 11(1. 8,430,998

Workin^i: Cost per
Oz. of Cold.

£2 9 6
2 14 4

In spite of the improvements in mining and metallurgical practice, it

is clear tliat the cost of producing an ounce of gold in the Transvaal has been
increasing of late years, owing to tlie fall in the grade of the ore and to the

rise in prices, which involves an increase in the cost of labour and supplies.

If, however, the results on the VVitvvaters]*and can be taken as an index

of the industry of gold ])roduction gciierally, it is clear that pi'ices must rise

much more—that is to sa-y, tlie vaJiie of gold niiist depreciate (ionsidcrably

further—before any pcrccptil>]e check is giviui to the output froiu. tlmt cause.

The slight falling oil of outjfut during the la-st Iavo or three \'ca.rs appears

to be due entirely to the })artial exhaustion of the existing goldiields.

Consumption of Gold. -Many atteinj)ts have been uuulc at vai'ious times

to estimate the aiuoiint of gold used aiuuuilly foi* j)ur[)os(‘s otiier iiian that

of additional coinage. In 1831, da-coh “ estimated t h(‘. aamual amount of

gold '‘converted into utensils and ornanumts at aJioul- £1 ,500,000, while

the production was under £2,000,000, without^ (Mmutiug, however, iinpoii-s

from India and China, which were supjiosed to lx*, considtirablc. In 1H8L
Dr. Boetbeer estimated the annual industrial <xmsuinpiion of gold in the

world, after making deductions for old material employ (‘d, as amounting to

84,000 kilogrammes or £11,500,000, and in 1885 he put it a,t 90,00t) kilogra.mines

or £12,300,000, against a iiroductiou of £2Lt)tlO,{)0(). In 1891, tiie samic

authority gave the industrial consumption of gold adiled to the amount
hoarded and that exported to tlie East as 120,000 kilograannies or £1 6, 100,000,

against a production of £24,000,000. In 1894, Ottonuu* Haiipt*^ (*stima,te(l

the recent industrial consumption at only 270,000,000 francs or £10,700,000

per annum, but the exports to the East are not included in this amount.
The Director of tlie United States MinU^ estimated ih(i indusi.rial c.onsumj)”

tion for 1893 at $50,500,000 or about £10,300,000, for Hie yea,r i90;i a.t

^ /iV'porf.s* oj 'rriinnnf't/. ( ^hdmhvr of Muhk,
^ .fact)]), HMorj! <f the Prrrj'am vol. ii., p. 322,
Haupt, vt Piu'/th, Ktli e<1., OanH, 1894.
:l*v()(lnciion of the PirrwuH Mdak, 1893, ji. 53. Jttport of Uu Hh't f'tor of thr U.S, Mini,

1904, p.48; 1911,1). 24.
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‘$76,350,000 or about £15,700,000, and for tbe year 1910 at 1111,848,500 or

•about £23,000,000. Doubtless the industrial consumption of gold is in-

creasing in amount with the increase of population and wealth, but never-

theless it is fair to assume that no such rapid growth has taken place of late

years in consumption as has been already pointed out to have taken place

in production.

The export of gold to India and certain other countries, however, puts
.a different complexion on the matter. The gold absorbed by India and
Egypt in particular is in great part hoarded by individuals, who make no
use of it for purposes of currency, and it may be classed as consumption
equally with that used in the arts in the Western world. The Director of

the United States Mint gives the following amounts^ as having been diverted

from monetary use during the eleven years, 1900 to 1910 :

—

Industrial consumption, . . . $958,000,000

India, 433,000,000

Egypt, 146,000,000

Japan, ...... 69,000,000

South America, 343,000,000

Mexico, 28,500,000

Total,.... $1,977,500,000

The total of about £400,000,000 represents nearly one-half of the pro-

duction of the period. The remainder was mainly added to the stock of gold

in banks and treasuries,^ very little being required for additions to money
in actual circulation, in spite of the increase of population and wealth, owing

to the gradual change in the habits of the people in the management of their

monetary transactions.

The world’s stock of gold in 1914, excluding India and the East, is put

by R. A. Lehfeldt ^ at 12,410 tons or £1,695,000,000,^ and the annual increase

in this stock at about 3 per cent. The increase is generally regarded as

having a beneficial effect on the trade of the world, and as tending to cause

a rise in prices, although there is no general agreement as to the extent of

its effects in the latter direction.

^ Washington, 1912.

^ Loc. Hi., for details.

3 Lehfeldt, Clwm. Met. and Mng. Soc. of R. Africa, Sept. 1419, p. 52.

^ Compare estimated stocks of £34,000,000 in 1492 and £300,000,000 in 1850.
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INDEX.

Aaron, C. H., 184, 187, 289, 308.

Abbe, 232.

Absorption of amalgam by plates, 199.

of gold and silver by cupel, 509.

Accumulation of amalgam on plates, 199.

Acetate of lead, see Lead acetate.

Acid igneous rocks, Gold in, 92.

Acid solutions, Cyaniding with, 397.

Acid treatment of gold precipitate, 387.

Acids, Effect on gold of, 18, 22.

Adair, A., 324, 358.

Adair process, 324.

Adair-Usher process, 358.

Adams’ cut-off gate, 260.

Aeration of concentrate in cyaniding, 392.—— of sand in cyaniding, 350.

of slime in cyaniding, 358, 362.

Africa, Gold in, 86, 560.

Agatharcides, 145, 436.

Age of gold deposits, 83, 86.

Agitation with cyanide, 359, 360, 392.

Agitators, 360.

Agricola, G., 1, 2, 102, 110, 145, 146, 150,

152, 429, 432, 436, 437, 490, 525, 554.

Air, Concentration by, 271.

defining by, 428.

Air-lil’i 362, 407.

Akron iniil, :15o.

Alaska, Hydraulic elevator in, 143.

Alaska Treadwell Mine, Plattner process at,

310.

Alhertus Magnus, 437.

Alolieniy, 2.

Aldriclu T. H., 147.

Alkali in cyanide process, 324, 339, 340.

Alkali titration, 344.
—— Protective, 335.

Alkalinity, Rejn'oeipitation of gold due to,

337.

Allen, A. H., 539.

Allen, A. W., 399.

Allen, K., 361.

Alloy, J. E., 364.

Allotropic forms of gold, 21, 23.

Alloys of gold, 24 ;
see also Aluminium,

cop[)or, etc.

Alloys of Gold, Assay of, 547.

Alt sliming method, 397, 398, 42L
Alluvial gold deposits, 99.

Altcirnating current in electrolytic refining,

see Pulsating cuiTcnt.

Aluminium, Alloys of gold and, 21, 26.

A>ysay of, 548.

- Cupellation of, 607.

Aluminium, alloys of gold and, Scorifica-

tion of, 548.

Precipitation of gold with, 339, 384, 545.
Amalgam, 204.

Absorption of, by plates, 199.

Accumulation of, on plates, 199.
Assay of, 548.

Cleaning of, 110, 194.

Composition of, 41, 42, 43, 196, 198.

Distillation of, 43.

Gold, 13, 21, 40.

Compositionof,41,42,43, 196, 198.
Filtering of, 42.

Native, 41, 84.

press, 194.

Removal of, from plates, 184, 193.

Retorting, 43, 100, 199.

scraper, 193.
—— Separation of, from mercury, 194.

Silver, Preparation of, 179.

"

Sodium, 191.

Amalgamated plates, 179.

Area of, 182, 190.

Cleaning up, 193.

—

Cleansing of, 179.

Copper, 179.

Covers for, 177.

Discoloration of, 184, 187.

Dressing of, 180, 183, 187.

Drops in, 181.

—

Early history of, 153, 154.

Effect on, of black sand, 183.

of cyanide, 179, 184,

397, 398.
: of hydrochloric acid,

184.

of nitric acid, 179.

of sal ammoniac, 179,

184.

of soda, 184.— of sulphuric acid, 186.

of verdigris, 184.

Flow of pulp over, 186.—— Gold absorbed by, 199.

Grade of, 180, 188, 188, 189,

in battery, 209, 211.

Inclination of, see Grade of.

inside mortar, 153, 160, 180, 196.

in sluicing, 109, 128.

Invention of, 153.

Muntz metal, 186.

— outside mortar, 180, 196.

Position of, 176.

Preparation of, 179, 180.
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Amalgamated plates

—

—

Rejection of, in early times, 154-.

Scaling, of, 198.

Scorning of, 182.

Scraping of, 193.

—__ Setting of, 179.

Shaking, 187.

Silver-plated, ISO.

Steaming of, 198.

Sweating of, 198.

Swinging, 207.

Treatment of, 182.

Worn-out, 198, 199, 440.

Amalgamated tables, set; Anialgamatcfl

plates.

Amalgamation, 179.

—

- assay, 518.

at liomostake, 410.

at Mount Morgan, 208.

at Rand, 404.

Austrian theory of, 154.

barrel, 195.

described by Agric<.)la, 152.

Designolle yn’oetws of, 192.

Discarding of, 232.

- Diaciission of, 179, 202, 205, 207, 20tS,

211.
— Effect of acid salts on, 085.

— of antimony on, 2(5.

—

- - of cyanide on, 328.

of electricity on, 191.

—

of grease on, 185.

— of luimmcring on, 210.— of liine on, 184.
- of stone grind(n*.s on, 149.

- of temp(‘nii.ur(i on, 185.

~ ' Galvanic action in, 191.

in arrastra., 147.

- in (Ihilian rtdills, 2i9, 253.

in cyanide sidtition, 393, 397; 41(».

-in Hunt/ingion mill, 218.

in pans, 223.

inside mortar, 153.

in stamp batbay, 179, 183.

Loss of gold in, 205.

of concentrate', 229.

of hammered gold, 219.

Old methods of, 145, 149, 147, 222.

Tina process of, 149.
— ^dritin jiroca'ss of, 149.

Amalgainator, lai/.zlo, 223.

Amalgams, 13, 21, 40, 41, H-l, 201,
— Assay of, 548,

America, (told in, 8(5.

American Similting and K elining Com puny,
Works of, 444-.

Annnonia in cyabiding, 39(5.

Ammonium earbonaOs used in cyankliug,

321.

Ammonium thiocyiinate, Kleclrolysis in, 523.

Amorphous gold, 23, 83.

Analysis of cyanide bullion, 389, 388, 389,

391.

of gold alloys, 553.— of motallic gold, 553.

Ancient gold fields, 86.

;

gold mines, 1.

I methods in J^lgypt, 145.
! methods of eruslring ore, 1, 145.

I

of wasiung gold, 1, 2, 102.

processes of refining, 4;;(5.

I

river gravels of (JaUfornia, 129, 130.

!

- stamp battery, 150.

Anderson, N., 342.

Andesit(g Gold in, 91.

Andrews, 4\, 31, 38.

Annealing cornets, 537.

crucibles, 427.

gold, 3, 1(5, 18.

Antidotes for cyanide; poisoning, 345.

Antirnonial ores. Amalgamation of, 203,
253.

Assay of, 500.

I

Gyaniding of, 395.

I

Antimony alloys, 2(5,

[

- Seorilieatlon of, 547.

I

Antimony, EHVct. of, in assaying ore, 499.
in e-upi'Hation, ,507, 508, 547.

on a,maIgainaiion, 203.

I

Antimony-gold alloys, 29.

I
Antimony, Gold in, 75.

in cyauid(^ pro(^(^ss, 395.

ovi% Amaigamalion of, 203, 253.
- Assay of, 500.

Koasting of, 28(5, 287, 499.

nunoval by roasting in assaying ore.

499.

stdphidi*. Gold in, 79.

Us{' ol, in purling bullion, 43(5.

Antony, lb, 72.

Apron pia t(a 1(52, 180.

Apron, Slump battery, 192.

A'jua regia, Atdion on gold of, IS, 19

Proe(*HH «)f ri'l’ming wit h, 489,

Arl)or<w('(mt gold, l(».

Areluean ro{4vs, Gold in, HS.

Area of Hcu'ecms, 172.

Argali drying furiuie(% 272.

Argali, lb, 252. 272, 299, 375, 378, 395, 491,

492, 493.

Argali roasting fnnuua*, 2tlH.

Argo eyani<h* mill, 119.

Algol, usimI in oro nsHny, 197.

,

Aristoth', 145.

;

Annmiia, (hthl in, 2.

I

Arnohl, d. (>., 27, 34, 38.

j

Amingenu'nt of stamp hatlery, 17(5.

I
Arrastra, 149, 147, 192, 229.

i ArstaiaU^ of gold, 71.

I

of iron, Oreitipitaiion of gold by, 521,

i

Arsmiic alloys, 27.
' Hi:onli{;u,lion of, 547.

I
Ars(‘,nie, in amalgaaimt ion. 203,

i
in assaying on', 499.

in cupt'llation, 507, 508,

in cyanide {U'otu’.ss, 341, 385, 387.

i
Aasimical ores, Assay of, 590.

Ar.s<miC”gold alloys, 27.

Arsenic ores, Assay of, 590.
- — Roasting of, 28(5, 287.



INDEX. 577

Arsenic ores, Boasting of, in assaying, 499.
Arsenic suli)hide, Gold in, 79.
Ascending current classifiers, 257.
Ascensional theory of origin of gold ores, 93.
Ashley, H. E., 335.

Assay balance, 512, 537, 538.
furnace, 495, 529, 530.

Assay of amalgams, 548.
of black sand, 523.—- of chloride solutions, 521.

of copx^er matte, 519.

of crucibles, 521.

of cupels, 514.

of cyanide solutions, 344, 522.
of fluxes, 514.

Assay of gold bullion

—

Accuracy of, 525, 545.

alloys of gold, 547, 553.——— alloys of gold, silver, and copper,
546.

" balance, 537.

Auxiliary, 538.

by means of cadmium, 546.

of colour, 554.
. „— of density, 554,

of hardness, 554.
- of spectroscope, 555.

of touchstone, 554.

charging tray, 532.

Checks in, 542.— complete analysis, 553.
- cupel absorption, 539.—i cupellation, 528.

cupels, 503.

effect of temperature, 540.

-

effect of various metals, 547.

flashing of prills, 533.—— Iridium in, 552.— Loss of gold in, 538.

Palladium in, 552.

parting, 535.

Platinum in, 549.
——- preliminary assay, 546.

-

Proofs in, 542.

Bhodium in, 552.

Scorification in, 547.

Surcharge in, 538, 547.

Volatilisation of gold in, 8, 539.
- — - Weighing, 537.

Weights in, 537, 538.

Assay of gold ores, 490.

amalgamation assay, 518.
- antimony ores, 500.

-

Algol in, 497.

arsenical ores, 500.

-

- balance, 512.

-

basic ores, 500.

bismuth ores, 502.

blowpipe assay, 495.
— Borax in, 497.

— Charcoal in, 496.

chlorination assay, 519.
- copper ores, 501.— Ch'ucible x:)rocess of, 495.

~ Cupels in, 503, 514.

Assay of gold ores

—

field assays, 515.

Fluorspar in, 497.

Fluxes in, 497.

Fusion of cupel in, 514.

Fusion process of, 495.

Iridium in, 523.

lead ores, 502.

lead reduction, 496, 498.

Litharge in, 496.

Loss of gold in, 508, 517.

portable outfit, 515.

Bedncing agents in, 496.

Boasting in, 499.

Salt in, 497.

scorification method, 515.

Silica in, 497.

slags, 499.

Slag cleaning in, 500.

Sodium carbonate in, 497.

Spectroscope in, 555.

telluride ores, 502, 517.

Weights in, 495, 513.

wet methods, 501, 520.

- zinc ores, 501.

Assay of graphite crucibles, 521.

of iridium-gold alloys, 549.

of metallic copper, 519.

of Mint sweep, 521.

of palladium-gold aUoys, 552.

of platinum-gold alloys, 549.

of protective alkali, 344.

of Purple of Cassius, 520.

of rhodium -gold alloys, 552.

of solutions, Chloride, 521.

Cyanide, 522.

Electrolytic, 523.

Spectroscope in, 555.

of tellurium-gold alloys. 553.

Assay outfit, Portable, 515.

Assay ton, 495.

Assay weights, 495, 513, 537.

Associated Northern Blocks, ICalgoorlie, 298.

Furnaces at, 298.

x^Lsymmetrical current in electrolyt'c re-

fining, see Pulsating current.

Atomic weight of gold, 5.

Attwood, G. M., 80.

Auerbach, 3.

Aulsebrook, E. E., 163.

Aurates, 69.

Auric bromide, 66.

chloride, 60.

decomposition by heat, 63.

Preparation of, 60, 62.

Properties of, 62.

Volatilisation of, 61, 289, 291.

Aurichlorides, 66.

Auric oxide, 68.

sulphide, 72.

Auricyanides, 67.

Auriferous gravel, 99.

Origin of, 129, 132.

Auriferous quartz, 77.

Auro-aunc sulphide, 72.

37
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Aurocyanide of potassium, 67.

Aurosilicates, 71.

Aurosulphites, 69.

Aurous bromide, 66.

chloride, 59.

in electrolytic refining, 476.—— cyanide, 67.

iodide, 67.

oxide, 68.

sulphide, 72.

Australia, Gold in, 86.

Production of gold in, 561.

Australian sovereigns, 450.

Automatic feeding of stamp battery, 171

174.

Auxiliary assay balance, 588.

Avery, 1)., 64.

Awerkieff, N. D., 13, 19.

Bagge, M. L., 459.

Bagration, 323, 327.

Balance, Assay, 512, 537.

Auxiliary assay, 538.

Ball, H. 8.. 237.

Ballantinc, J. B., 275.

Balling, 0., 519, 540.

Ball mills, 277.

at Hannan's Htar, 238.

Ball stamp, 213.

Banket ore, Charactei’isties of, 400.

Banket, Origin of gold in, 94.

Banks, E. G., 416.

Bannister, 0. 0., 500, 51 Ki.

Barba, A., 146, 147, 153.

Barbour, E., 421.

Bar gold, (Jasting of, 433.

Barrel chlorination proces.s 311.

Barrel for cleaning up, 195.

Barns, G., 45.

Basalt, Gold in, 76.

Base bullion; 422.

Basic igneous ro(;ks, GoM in, 88.—~ ores, Assay f>f, 500.

Basket filters, 367,

Bastin, K. S., 96.

»

Batea, 101.

Bateman, li3, L., 398.

Baths of mereairy, 212.

Battery, me Stain j) hattery.— chips, 194.— sand, 194, 197.

Bay, B,, 341, 342.

Bayldon, H. (I, 252, 253.

Baylis elasBiliiu', 417.

Bayliss, K. 199.

Bazin's amalgamator, 192.

Beach mining, 127.

Beads of gold, Measurement of, 495.

Beals, li, T., 370.

Becker, G. k\, 20, 94.

Beckmann, 145, 150, 437.

Bccquercl, 5.

Begreor, B. W., 489.

Bchr's cam, 166, 171.

Beilby, G. T., 3, 23.

Bench diggings, 99.

Berdan pan, 229.

Bergfold, L., 8, 55.

Bernewitz, M. W. von, see Von Bernowitz.
Berry, A. J., 45.

Bertiiolot, 4, 20.

Berzelius, 3, 44, 50, 84.

Bessomcrising gcjld huliion, 429.

Bethanga, Olilorination at, 316.

Bcttel, W., 323, 324, 336, 390, 497, 503.

Betts, A. G., 467.

Botty-Cartor X)roccss, see Lcad-zinc couple.
Bcutcl, 21.

J,
1
Bidi, (.\yaniding a,t, 396.

Bibliography, 564.

Bins for ore, 155.

Biringuccio, 146, 4,37.

Bishop, [j. 1)., 3()6.

Bismuth, l^lTect of, on gold. 27.
- - Gold in, 75.

Bismuth-gold alloys, Native, 85.

Ihsmuth in eupellation, 508, 547.

: As-my of, 502.

i

Bisul[)ha.t(^ of potash used in r(‘liMing, 443.

j

” - of soda, see >Sodium bisulpliate.

i Black Ilux, 553.

! lihick, IVof.,

! Blackluuvk, Screims at, 172,
i Black Hills, 'IVUiiridi^s at, 82.

; Blatsk sand, 183.

j

•• Assay of, 523.

I

Black Skeid; niixiun^ for dissolving gold, 22.

!
Blaisd<‘ll vat <vxe,avaior, 350.

i BIaJv(^ eruslnu’, 156.

i

P>lak<‘, VV. P., 11, 13.

;

Blanching gold alloys, 35.

1 B»lanke!tH for e.attdung gold, 2, 153, 2()2,

j

Blanket st rakc's, 262.

i Blanton cam, 165.

1 Blast funuu’.e lor snu'Iling gold -zinc pre-
* cipitat(‘, 391.

:
P»!oae:hing (lowder in ('liloruuit ion procii.ss,

I

311, 3)2, 313.

j

Bdowing, ACr* Hry washing.
! Bkj\vpip<‘ assay. -195.

, Blue powder, see Zinc dusl.

I

Blue. Spur, Hydraulii* ekn aior at, M2.

liody of dies, 162,

Boiling point of gold, 8.

B<>}tvvood, B. B,, 523.

Bonar, J., 471, 181,

BoiuMish cupids. 50.3.

Size of puHlelen In, 504.

Boneash, Maiuifmtf un^ of, .703.

to cov(T bullion, 130.

Booming, 110,

Borax in ore uHsaying, *197.

in relining bullion, 429.

in Kcorilicaiion, 516.
Borcher.; and McMillan, 466.

Bordeaux', A. F. ih, 122.

Born. Baron Inigo, 2, 15.3.
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Boronka, 125, 126.

Bosqui, F. L,, 368, 385.
Boss amalgamation pan, 226.
Bottger, 40.

Boulder County, Tellurides in, 82.
Bovisa, Chlorination at, 315.
Bowie, A. J., 103, 133.

Box, Puddling. 104.

Sluice, see Sluices.

Boyle, R., 7.

Bradford, S. K., 575.

Brakpan Mine, Filtration at, 368.
Brauner, B., 50.

Breakers, Rock, see Rock breakers,
Brereton, E. Le Gay, 396.
Brett, H. T., 396.

Bridgman divider, 494.

sampler, 492.

Bring, G. G., 254.

British Isles, Gold in, 85, 559.
Britten pan, 229.

Brittle gold, Causes of, 26, 27, 31, 33, 34,

38, 44, 51, 430.

Brittle ores, Crushing of, 220.

Broadbridge, W., 227, 238.

Brokaw, A. D., 96.

Bromides of gold, 66.

Bromination process, 315.

Bromine, Assay by, 519.

Effect on gold of, 18, 19, 22.

in cyanide process, 324, 325, 394.

Bromo-cyanogen, 394.

Brooks, H. St. J., 359.

Brough, B. H., 145, 150.

Brown agitator, 361.

Brown, E. C., 235, 239, 361.

Brown gold, 23.

Brown horseshoe furnace, 293.

Brown, W. S., 396.

Browne, R. E., 131.
‘

Bruckner furnace, 298.

Briihl, P. T., 343.

Brunton, D. W., 118, 492.

Brunton sampler, 492.

Brunton, W. 0., 430.

Bryan mill, 221.

Biiclmer, 3.

Bucket dredge, 114.

scrapers, 119, 123.

Buckets in dredges, 116.

Bucking hammer, 494.

Bucyrus steam shovel, 128.

Buddies, 262, 263.

Building for stamp mill, 176, 177.

Buisson, 3.

Bullion, gold, Assay of, see Assay of gold

bullion.

—

Casting of, 433.
- Composition of Australian, 45L

of placer, 140.

- of retorted, 200.

- of unrefined, 391, 422.

Definition of, 422,

from chlorination process, 305,

308, 314.

Bullion, Gold

—

—— from cyanide process, analyses,

386, 388, 389, 391.

Granulation of, 438.

Loss of, in melting, 434.

Melting, 427.

Parting of, 435.

production in cyanide process,

386.

Refining of, 428.

Sampling of, 433, 526.

Toughening of, 428.

Bumping concentrators, 264.

Burgos lustre, 72.

Burnliam, M. H., 490.

Burt filter press, 374.

Butara, 106.

Butters and Mein distributor, 349.

Butters, C., 306, 307, 308, 380, 397.

Butters filter, 368,

Butt of shoe, 168.
“ Byzant,” 35.

Cadmium, Assay of bullion by means of,

523, 546.

Cadmium-gold alloys, 25, 29.

Cadmium in cupellation, 507, 508.

Calaverite, 51, SI.

Calcination, see Roasting.

Calcining, see Roasting.

Calcite, Gold in, 76, 77.

Calcium carbonate in zinc boxes, 340, 343.

Calcium sulphate in cyanide process, 335.

in zinc boxes, 343.

Cairnes, D. D., 84.

Cakes of slime, Eorniation of, in vacuum
! filtration, 359.

Caldecott cone classifier, 258.

sand filter table, 350.

system of continuous collection, 350,

Caldecott, W. A., cited, 80, 159, 172, 175,

180, 182. 204, 233, 236. 259, 324, 325,

329, 332-342, 344, 350, 352, 354, 356,

358, 359, 375, 378, 385, 388, 389, 398,

400, 406, 431.

Cafifornia, Chlorination in, 302, 309.

Cahfornian dredge, 116, 118.

California, Placers of, 129.

Origin of, 132.

stamps, 159.

Revolution of, 166.

Callon, J., 271.

Callow screen, 256.

Gam-pulley, 166. ,

Gams, 164.

Behr, 166, 171.

Blanton, 165.

Distortion of, 171.

Effect on lift of stamp of, 169, 171.

New Blanton, 1 65.

Noise of, 170.

Reversing, 166.

Cam-shaft, 163.

Bearings of, 164.

Cam stick, 169.
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Canada, Telia rides in» 84,

Capacity of tube mills, 237.

Capel, 555.

Carbide of gold, 71.

Carbonaceous matter, Precipitation of gold

by, 318, 337, 343, 385.

Carbonate of soda, see Sodium carbonate.

Carbonates as solvents for gold, 20.

Carbon in cyanide process, 343, 385.

see Charcoal as precipitant.

Card concentrator, 417.

Carey, E. E., 192.

Carmichael, H., 550.

Carnot, A., 83, 521.

Carolina, Chlorination in, 311.

Carpenter, J. A., 366.

Carter, E. E., 253.

Carter, R, 188.

Carter, T. L., 509.

Casey, R. G., 465.

Cassius, Purple of, 3, 55, 73.

Assay of, 520.

Casting gold ingots, 433.

Caustic soda, see Alkali.

Cazo process, 147, 153.

Cementation, 436.

Cement gravel, 131, 139.

Disintegration of, 141.

Treatment of, 140, 149.— - ~ mills, 140.

pan, 141.

Centi'ifiigal pumps in oyaniding, 404.

in electrolytic roUning, 469,
— iti sluicing, 1 14.

Ceramic industry, Use of gold in, 71.

Chalcopyritc, Gold in, 79, 9().

Challenge feeder, 174.

Chalmers, see Watch.

Cl 1amber pre^ss, 373.

Chapman, C. M., 112.

Charcoal as
j
)reoipitan t f < >r gold, 3 18, 337. 343.

in melting silver, 432.

— in ore assaying, 496.

-

- in roasting ore.s (jf a,ntimoiiy and
arsenic. 500.

Rcducition of silv(a,’ sulphate by, 449,
450

Charging tray in laillion assay, 532.

ChaT-Ieton, A*. G., cited, 81, 82, 83, 271), 294.

299, 372, 490, 519.

Charloton's gold dish for amalgamation
assay, 519.

Chasha, 127.

Chaudet, M„ 527, 536, 551.

Checks in gold bullion assay, 542.

Chemical pro))erties of gold, 5, 18.

relations of gold, 5, 59.

Chcmicjals used in anuilgamation, 1.79, 184,

191, 226.

Chemtstry of cyanide proceH.s, 321.—— of gold com]X)undH, 59.

of oxidising roasting, 284.

Chester, A. H., 13, 82.

Chilian mill, 146, 248.

Advantages of, 250.

Chilian mill, Speed of, 249.

China, Gold in, 85.

Ore treatment in, 145.

I Chips, Battery, 1 94.

Chlor-aurates, 60, 69.

Chlor-auric acid, see Hydrogen aurichlorido-.

Chloride of cop|)er, see Copper chloride.

of gold, see Aurous and auric chloride*

solutions, assay for gold, 521.

Chlorides, Attack on gold by, 18, 19, 22.

Toughening gold with, 431.

Chloridising roasting, 287.

Chlorination assay of ore, 519.

Chlorination process, 300.
—. —-— Amount of chlorine used in, 306.

at Alaska Treadwell, 310.

—

- at Mount Morgan, 316.

barrel process, 311.

Copper salts in, 288, 307.

Oogt of, sec Cost of chlorination.

-

-examples of practice, 309, 310,,

311, 315, 316.
" Mydrf)clilf)rie acid in, 305, 30(,).

' in (California, 309.
- in (Colorado, 3U,
- in Dakota, 311.
- Lime in, 288, 306.

Organic matPu’ in, 306.

Oxidt'H in, 306.

permanganade process, 315.

i*lattner [)roe(\sH, 301,
' l.Tecipitu4-ion of gold iu, 307, 314,.

318.

Ih'otosalts in, 305.

Remdions in, 305.
- iSilver ifi, 288, 305, 3)3.

iSulphid('.s in, 305, 317.

Usti of li(piid (ihloriiH^ in, 308.

• Use of Hulpburic? acid in, 306, 309,,

31 1, 312.

Va,t in klattner pro(a\MH, 303.

Vat solution pro(t<'Ks, 315.

(Chlorine, Ael ion of, on gold, 18, 19, 22, 69, 61.

—

on gold-silver alloys, 288,

305,313.
- - on sulphides. 305.

(Chloriiws Getuu-afion of, .304, 309, .313, 317,.

455, 462.
- Ia<juid, 308.

K<4iinng gold by, 450.
- - 3’ough(‘inng gold by, 431

.

(Chok<^-erushing by roerk br(%'*,k<‘r, 157.
- by rolls, 275.

Christv, S. B., 61, 289, 291, 325, 326, 331*.

332, 340, 34.3.

(Chromate of got I, 71.

(Chromium in <!U{»(*llation, 507.

(Chuck-block, 162, 180.

(Cliuck-Hlioe, 168.

(Circulation nietlual of hniching, .353,

of {’Ice.l.rolyl.jg Systems of, 'ItlO.

City I)(icp, earn-sliaft, 164.
~ Stamp.s at, 217.

(Jlarn-.sh(4l dre.(lg<‘, 1 18.

Clarification of Holuti<}nH, 358, 378.
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Clarifiers, 358.

Clark, A. J., 381-383, 391, 410.
Clark, D., 284, 297, 316, 319, 393.
Clark, J. S., 5.

Clarkson and Stanfield's air concentrator, 271

.

Clarkson, T., 271.

Classen, A., 523.

Classification, 255, 256.

on Rand, 406.

Classifiers, 256, 257, 258, 259, 261, 406.
Cone, 258, 261, 406.

Dorr, 261.
, with, ascending current, 257.

Claves, Gaston, 7.

Clay, Gold in, 75, 100.

Cleaning slags, 500.

Cleaning-np in chlorination process, 308, 314.

in cyanide process, 379, 387.

in dredging, 121.

in hydraulic mining, 139.

in sluicing, 110, 139.

in stamp battery, 193.

Clean-up barrel, 195.

pan, 195.

tube mill, 196.

vat, 197.

Clennell, J. E., 340, 344, 380, 397.

Clerici, E., 315.

see Pelatan.

Clevenger, G. H., 337.

Cloud, T. C., 205, 432.

Coal, Gold in, 75.

Cobalt alloys, Scorification of, 548.

Cobalt, Oyaniding at, 385.

Cobalt-gold alloys, 30.

Cobalt in cupellation, 507, 508.

nitrate, antidote for cyanide poisoning,

345.

Cobbe-Middleton pan, 227.

Cohesion of gold, 4.

Coinage, Alloys used in, 35, 49.

Cole, b., 245.

Collar of stamp, 165.

Collection of sand in cyaniding, 348.

Collins, A. L., 199.

Collins, H. E., 38, 39, 55, 147, 224.

Colloidal gold, 3, 64, 74.

Colloids in cyaniding, 333.

in electrolytic refining, 467.

in slime, 230.

Colloin sampler, 492.

Colorado, Assay methods in, 495.

Chlorination in, 311.

Coloradoito, 83.

Colour of gold, 2, 23, 73.

of alloys, Determining composition by,

554.

Colour industry, Gold in, 71.

Comet crusher, 158.

Composite crushing jaws, 156.

Composition of gold bullion, see Bullion,

Composition of.

~ - from chlorination process, 314.— from cyanide process, 386, 387,

389, 390, 391.

Composition of gold bullion—

•

from various sources, 422.

retorted, 200,

Composition of gold sHme, acid treated,

388, 389.

of gold slime in zinc boxes, 380.

of native gold, 84.

I

of placer gold, 140.

1 of tellurides, 82, 83.

Compounds of gold, 59.

Intermetallic, 26, 27, 29, 30,

36-40, 50, 51, 53, 57.

Concentrate, Amalgamation of, in pans, 229.

Cyaniding of, 330, 392.

Grinding of, in pans, 228.

Concentration, 254, 262.

Concentrators, 264, 265, 269.

Air, 112, 271.

Card, 417.

Deister, 270.

Dry, 112.

Early, 262.

Elotation, 271.

Erne vanner, 265.

Multideck, 270.

Pulsating, 271.

Wilfiey table, 269.

Concrete mortar blocks, 160.

Conductivity of gold, 5.

Cone classifiers, 258, 261, 406.

Conical tube mills, 243.

Coning and quartering, 491.

Conklin, H. R,, 391, 417, 419.

Consumption of gold, 562.

Continuous pan-amalgamation, 226.

slime treatment, 364.

thickener, 361.

Coolgardite, 83.

Cooling roasted ore, 299.

Cooper roller hearings, 233.

('opper amalgamated plates, see Amalga-
mated plates.

Copper, Assay of metallic, 519.

chloride, used in toughening bullion,

431.

Copper-gold alloys, 25, 31, 32.

Density of, 34, 35.

Melting points of, 31.

use in coinage, 35.

Copper, Gold in, 75.

in cupellation, 507, 508.

in cyanide process, 327, 331, 334.

in sulphuric acid refining process, 440,

442-444.

in zinc boxes, 338.

matte, Assay of, 519.

ores, Assay of, 501.

Cyaniding of, 396.

oxide, Toughening by, 430.

X^l3.tes, see Amalgamated plates.

pyrites, Gold in, 79.

salts, Precipitation of gold by, 343.

screens, 171,

sulphate, Manufacture of, 443, 444.

tables, see Amalgamated plates.
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Cordner-James, -J. H., 490.

Comets, gold, Gases occluded by, 542.

Silver retained in, 541.

Weighing, 537.

Cornwall, Bound buddies of, 263.

Corrosive sublimate, Toughening by, 431.

Coste, M., 50.

Coat of amalgamation, 408.

chlorination process, 308, 310,

311, 315, 316, 320.
— cyaniding, 391, 394, 395, 408, 409.

dredging, 118, 122.

production of gold, 562.

refininu, 440, 444, 445, 450, 461,

482-484, 489.

working placers, 1 43.

Counter-current decantation, 359, 416, 417.

Country rock of gold ores, 77.

Covers for amalgamated jdates, 177.

Cradle, 103.

Crane and bucket dredge, 118.

Creuzbourg, 3.

Cripple Creek, Chlorination at, 312.

Cyaniding at, 388, 393, 395.

Tclliirides of, 82, 83.

Croasdalo process, 291.

Croasdale, S., 291.

Croesus mill mortar, 161.

Croghan, E. H., 179,

Croockewit, J. H., 41.

Crosse, A. F., 327, 339, 354, 509, 523.

Crown mines, Cyaniding at, 397.

Crucible assay |)rocosf', 495.

funmcc, 423,

Crucibles, 426.—— graphite, Assay of, 52 1

.

Cnishcrs, Rock, .‘;ce Bock bre^akers.

Crushing assay sampk^s, 494,

Crushing, Discussion of, 230.

Bry, 272, 34().

Energy reepured foi', 232.

in cyanide solution, 347, 397, 415, 416,

417.

in tube mills, 242.

Laws of, 232.

'

ope in cyanid(^ procc'ss, 316.

in stam]') luittiuy, 145, 209.

Crystalline Htriieture of gold, 10, 27.
—— of nuggets, 1 2.

Crystallisation of copptu' Bulphat<% 443,—-- of gold, 10.

of silver sul|)hate, 446, 448,

Crystals of gold, Artificial, 13.

distortcul i)y rolling, 16.

Natural, 10, 77.

''.rwinned, 1(>.

Curnenge, K., and Fuchs, E., 5, 64, 71, 73.

104, 143, 527, .552.

Cunningham, N., 309.

Cupel, AI)sor|)tion of gold by, 509.

Assay of, 514,

tray, 53 1

.

Cupollation, 503.— Effect of base metals in, 507.

Cupellation furnaccj 391, 529, 530.

in assay of bullion, 528, 532.

of ores, 503.

Losses of gold and silver in, 504, 508,.

538, 539^.

of auriferous lead in cyanide process,

391.

Temperature of, 505, 534.

Cupels, 503, 531.

.9ce Cupel.

Cupriferous ores. Cyaniding of, 396.

Curtis, A. H., 185, 276.

Cyanates, Effect of, on gold, 325.

Cyanicides, 324, 332, 334, 350, 392, 396.

Cyanidation, (Cyanide process.

Cyanide, Amount used at Band, 408.

as cover iu cadmium parting assay,

I

523, 54(5.

I

Dccom])OHition of, 332, 335.

I

Manufacture of, 322.

j

of gold, ()7.

i

—— Insoluble, 343.

i

of potassium, 322.

I

- of sodium, 322.

I

I^oisoning by, 345.

Cyanide process, .311.

-

— Chemistry of, 321.

Cost of, .391, 3t)4, 395, 408, 409.
* - Disposal of tailing in, 355.
- - - Geiu^ral imdliods in, 346.

-

- History of, 321.

-

- Precipitation of gold in, 375.— Froduetion of bullion in, 386,

>Silv<'r in, 329.

trcratimnd. of ani-imony ores, 395.

of coiKHmirate, 392.

of copper or<‘H, 39(5,

- of sand, 352.

of I'linun 35(5.- of Hulpho-lrdluj id(‘S, .392».

(fyi'idde solutions, A(?Lon of, on inin<‘rals„

329.

in anialgamaiion, 328.

l )<Hu>in posit ion of, 332, .3.35.

Dissolnt {(HI of '.*old in, 2!, 22„

323, .325, 326.'

Effcstl. of, on s,'ol<l in p,yri((‘, 89.

flyilrolysis of, 336,

Poisoning by, 345.

Sl.nsigt h of, in praet iee, 351.

'resting of, 344.

U.M(‘ of, in amalgam;! I ion, 328.

Cyjmiding. -sv e ('yanide proeess.

(b'anog(m brottnchg 321.

Us(' oi. 39t, 395.

:
Cylindrie.al roasliu'.', fnrtiaee.s, 2‘.>8.

(Jylirulrica! tnbe tnills, 232».

Daintrec, R., 89, 96.

Diikota, (Iilorinat ion in, .'5! 1.

• (tyanidiiuf in, 419.

Dana, k H., 10, 13.

D’Are(4, (I, 439, 527, 55

L

Darling, G. A., 327,
I Davidson, M., 23(5.
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Davis, W. M., 320.
Day, A. L., 4.

Dead-leaf gold, 47.

Debray, H., 55, 60, 73.

Decantation by counter-current, 359, 416,
417.

Decantation, Continuous, 358, 359.
method of treating slime, 356.

Decomposition of cyanide, 330, 332, 335.
of gold chloride by heat, 63.

Deep leads of Victoria, 131, 133.

placer deposits, 129.

Deetken, G. F., 300, 302, 303.
Dehne press, 373, 393.

Dehydrating roasting, 347.

Deister concentrator, 270.

De Launay, L., 79, 85.

Del Mar, A., 218, 558,

Dendritic gold, 77.

Denny, G, A., 229.

Denny, H. S., 229, 252.

Denny, J. J., 393.

Density of gold, 4.

of gold-copper alloys, 34, 35.

as determining com-
position, 554.

——- of gold-silver alloys, 49.

Density of ore-particles, effect on concen-
tration, 254.— effect on fall in water, 254.

. 255.

Denver Mint, Electrolytic refining at, 468,
483.

• Pulsating current at, 484.

Deposits of gold. Classification of, 77, 88.

Depth of discharge, -see Height of discharge.

Desch, C. H., 25.

Designolle process, 192.

Desmarest, 3.

Detection of gold in minerals, 517, 555.

in solutions, 65, 521.

Deville, H. St. Clair, 7.

Dewar, J., 5.

De-watorers, 351, 360.

Dowoy, F. P., 539,

Dharwars, 88.

D’Honnin, 553.

Diabase, Cold in, 76.

Diamonds and gold, 79.

Diaphragm, classifiers, 259.

Diehl, L. H., 232, 234.

process, 325, 394.

Diomer, M. E., 60.

Die sand, 194.

‘Dies of stamp battery, 161, 162.

De[)th of ore on, 173.

Wear of, 1()3.

Dioasolliori', H., 5.

DilTiision of gold in metals, 25.

Diggings, Gold, 99.

Diodorns Siculus, 145.

Dippcir dredge, 119.

Dip sam(>le, 526.

Discharge from stamp battery, 162, 172.

of tailing, 110, 121, 140, 178.

Dissemination of gold in rocks, 75.

Dissolution of gold. Electrolytic, 20, 475,

479.

in acids and other solvents,

18, 22.

in chlorine solution, 22.

in cyanide solution, 21.

Distillation of gold, 7, 9, 55.

of mercury, 42, 204.

Distribution of gold in nature, 75.

Geographical, 85.

Geological, 86.

Ditte, A., 13, 72, 81.

Dixon Mann, and Brend, 345.

Dixon, W. A., 323.

Dodge crusher, 156.

Doelter, C., 20.

Dolomite, Gold in, 77.

Dome mill, 399.

Don, J. E., 76, 79, 94, 518.

Donan, J., 74.

Dope in Mcebius process, 467, 469.

Dore silver, parted by Mcebius process,

'465,466.

parted by sulphuric acid, 440, 445.

Dorinckel, F., 45.

Dorr agitator, 366. -

classifier, 261.

Dorr, J. V. N„ 416.

Dorr thickener, 359, 360.

Double discharge mortars, 172, 273.

treatment in cyaniding, 350.

Dowling, W. E., cited, 182, 233, 234, 236,

237, 243, 259, 357, 358, 430.

Drag line used in treating placers, 123.

Dredges, Capacity of, 117, 118.

Chain-bucket, 114.

Clam shell, 118.

Crane and bucket, 118.

Dipper, 119.

Ladder bucket, 114.

Washing gravel on, 119.

Dredging, 113.

Advantages of, 121.

Cost of, 118, 122, 144.

Difficulties of, 122.

Loss of gold in, 122.

Paddock, 121.

Suction pumps in, 113.

treatment of inland placers, 121.

Dresden Mint, Refining at, 436.

Dressing amalgamated plates, 180, 183, 187.

ore, 254.

zinc boxes, 378.

Drift deposits, Origin of gold in, 98.

mining, 133.

Drop of stamps. Height of, 169.

Order of, 173.

Drops in amalgamated plates, 181, 205.

in sluicing, 108.

Dry blowing. 111.

concentration, 112, 271.

crushed ore, Cyaniding of, 347, 352.

crushing, 272.

fjy ball mills, 277.
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Dry crushing by Griffin mill, 280.

jby rolls, 274.

—

Iby stamps, 273.

in cyanide process, 340.

- in tube mills, 239.

- washing, 111.

Drying furnaces, Cylindrical, 272.

ore, 272, 273, 347.

Dubois, W. K, 75.

Ducat, 35.

Ductility of gold, 3, 27.

Duffield, P. W., 187, 206.

Duflos, Dr., 300, 311.

Duncan concentrator, 2(34.

Dunn, E. J., 78, 93.

Dunn, R. L., 113, 133.

Durant, W. T., 239.

Durham, E. B., 468, 469, 488.

Dust in dry crushing, 273.

in flues, see Eluo dust.

Zinc, see Zinc dust.

Duty of water in stamp mill, 175.

East, Exports of gold to, 562, ,563.

East Band Minos, Brown agitators at, 363.

Gold iiinc slinu^ at, 388.

Eaton, J. M., 250.

Eckfeldt, J. B., 75.

Edison’s dry blower, 1 12, 271.

dry washer, 112.

roils, 275.

Edwards’ chlorine gcaieraior, 4(31.

furnace, 294, 393,

Edwards, T., 461.

Egleston, T., 96, 139, 142, 210, 432.

Egypt, Ancient t.rc^atnumt of ore in, M5.
Cold in, 1, 86.

Ehle, M., 37,3.

Ehrmann, L., 339.

Electric furnacMi, 391, 419,

Electrical conductivity of gold, 5.

precipitation of gold, 385.

Electricity, Action of, in cyanidiiig, .325,

32(3, 331, 385.— Effect of, in amalgamation, Jf)l.

El(?ctrolyBis, Assay by, 523.

Dissolving gold by, 479, 486,

—

in gold clilorido solution, 474.

in silver nitrates .solution, 464, 466.

Electrolytic rehning, (Hrculation of (4(‘elro-

lyto in, 469.

of copper, Dore .silv(‘r from, 465.——, _—„ of gold, 464, 474.

Electro-silver amalgamatcHi plate.s, 189.

Elcctruni, 49.

Elephant stamp, 213.

Elevator, Hydraulic, 141.

Elkington, 323.

Elmore's oil comamiration ]>roe(*.H.M, 271.
El Oro linei H, 234.

Eisner, 323.

Empson, 3. B., 250,

Enamel, Cold, 71.

End-bump concentrator-s, 264.
Energy con.sumed in crushing, 232.

Entwistlc, A. L., 471, 477, 484, 488.

Equal-falling particles, 255.

Equilibrium diagram of alloys, 24.

Ercker, L., 429, 430, 490, 503, 525, 529.

Erhard, 45.

Erosion tlicory of origin of gold in placers,

96.

Errors of assay weights, 513.

Eruptive rocks, Cold in, 78.

Estimation, see Assay.

Etard, M., 315.

Etard’s mixture for dis.solving gold, 22.

Euro])e, Gold in, 85.

Eutectic alloys, 24.

Evans hydraulic elevator, 141.

Evans- Klepetko furnace, 292.

Ewan, 322.

Expanded metal ridli's, 120.

Expansion of gold, 5.

Ex porks of gold to the East, 5(32, 563.— (,() tSouili Anusriea, 563.

Faber du Four tilting furnace, 390.

Eahlun, ( ’hlorinaliou al, .315.

Fairbanks, 93.

Faircliild, O. II., 291.

Fall of stamps, Ihuglit, of, I(>9,

- • ()ni('r of, 17.3.

Eai’uday, M., .3, 32.3.

Faraday's gold, 3, 61, 74.

Fay und NoHh, 11.

F(^a,tlu‘.ring in e,up(‘llu.tioin 506.

F<‘eding stamp iKitiiuy, 160, 161, 17,'k

F«M^d wattu’ for .stamp mill, 175.

Feldtmann, VV. Ik, .338, 311.

Fermor, C. L., 326.

F<uTic eldorid(‘, as solvent for g(»Id, 19, 22,

Ferroeyanides, as sohaud. for’ gold, 21.

in cyanide! pnK5<‘SS, .33.3, .31.2.

Ferrous hy<lro.xi<l(‘, aiitidotf^ for eyanid(^

poisoriitig, .3

F4U’rotis .sails in cyanide pioeess, .3.33,

F<‘irou.s Hulphale, as precupil.ani for gf>ld,

.307, 310.

lO'lifonn 375.

Fiber ImuIh, 302, 309, .312, 352.

pr(‘.ss(*s, ,371.

pressiug, ,359, 3(;o, 371, .372, :i92.

FilOu’s iti (4et4 roly ti(^ refining, 473.

Filtration by vaeuuni, .359, 367.
- of .slinie, 367, .392.

Fine crushing in roll*;, 275, 276.

- gnmitu’.s, 227, 2.32, 243, 218.

grinding, 219, 22 1, 228, 2.30.

• I llseai.ssion of, 230.

in tulxi mills, 232.

of <uHU!eniraO\ 392.

Fing<u'-bur, .s-ee Jack.

Fi.seh<‘r, H., 239, 212.

Fi'/.emtf 5.

FIa.Mhing of gold beadfi in assaying, 505,

533.

i FImning, 5,

I

Mint inillH, 2;i2.

! Float gold, 205, 206.
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Elorin,, Gold, 35.

Elotation processes of concentration, 271.
Floured mercury, 203.

Flouring of mercury, 202, 204.
Flour in ore assaying, 497.
Flue dust in melting gold, 424.
Flumes, 137.

Fluoride of gold, 67.

Fluorite occurring with tellurides, 83.

Fluorspar in ore assaying, 497.

Fluviatile theory of California placer
deposits, 129.

Fluxes in ore assaying, 497.

in refining bullion, 427, 429.
Fly catchers, 111.

Foliated tellurium, 83.

Foord, G., 537.

Footplate of dies, 162.

Forbes, D., 84.

Forest, M., 550, 553.

Forms in which gold occurs in nature, 77.

Formulas for tube mill revolution, 237.

Forrest, R. W., and Wm., 321.

Foster -Goolidge sampler, 492.

Foster, Le Neve, 93, 185, 271.

Foundations of stamp battery, 160.

Fowler, A., 5.

Frame press, 37-3.

Framework of stamp battery, 160.

Franke, R., 247.

Frankfort, Electrolytic refining at, 466,

475, 482.

Frazee rolls, 276.

Free crushing by rolls, 275.

Freezing point of gold, 4.

Frcmy, see Cumenge and Fuchs.
Friedrich, K., 76.

Fromm, 0., 25, 30, 53.

Frozen gravel, Coat of working, 144.

Qolcl in, 100.

Fruo vanner, 265.

Riffled belt for, 268.

Fuchs, E., see Cumenge.
Fulminating gold, 66, 69.

Fulton, C. H., 397, 502, 506, 517, 520.

Fume, Zinc, see Zinc dust.

I’urman, H. van F., 84, 221.

Furnace, Argali, 291, 298.

- As.aay, 528.
• — Coal- fired, 530.

- at Melbourne Mint, 453, 455.

- at Royal Mint, 424.

Blast, 391.
» ^ Brown, 291, 293.

- Bruckner, 201, 298.

- Ihillioxr melting, 423.

Bunker Hill, 291.

-

Crucible, 423.

-

- Drying, 272.

Edwards', 291, 294.

• Electric, 391.

- Evans- Klepetko, 291 ,
292.

I^abcr du Four, 390.

Gas molting, 426.

—— Godfrey, 291.

Furnace, HerreshoS, 291, 292.

Hofman, 291, 298.

Holthoff-Wethey, 294.

McDougall, 291, 292.

Melting, 423.

Merton, 291, 297.

Muffle, 528.

O’Hara, 291, 292.

Pearce turret, 291, 292.

Refining, 423.

Reverberatory, 281, 309.

Revolving cylindrical, 298.

Richards, 294, 318.

Roasting, 281, 309.

Ropp, 291, 294.

Stetefeldt, 291.

Tilting, 390, 391, 426.

White'-Howell, 291, 298.

Fusibility of gold, 4.

Fusion in muffle, 495.

in ore assay, 495.

of gold precipitate, 386,

Gahl, R., 268.

Galvanic action in amalgamation, 191.

Gans, R., 74.

Gardner, W. H., 114, 116, 117, 118.

Gas furnace, 424, 426.

Gas, Roasting with, 299.

Gates, A. 0., 232, 247, 248.

Gates' crusher, 157.

Geber, 146, 437.

Gee, G. E., 49.

Gelatinous silica, Gold precipitated in, 72.

Gels in ore formation, 95.

Gels, Precipitation of gold in, 95.

Genth, F. A„ 81, 82, 83.

Geographical distribution of gold, 85.

Geological distribution of gold, 86.

George and May Mill, Cyaniding at, 347.

German stamp, 154.

Germany, Electrolytic refining in, 481.

Gei’net, A. voii, see Von Gernet.

Giant, see Monitor.

Gibson liner, 235.

Gieser, H. S., 233, 234, 235.

Gilding solutions, 17.

Gilmour-Young process, 385.

Gilpin County concentrator, 264.

Gilt Edge concentrator, 264.

Gitsham process, 397.

Glass industiy, Use of gold in, 71.

Glen Deep Mill, Crushing at, 231.

Globe and Pheenix Mill, Cyaniding at, 396.

Gneiss, Gold in, 77.

Godfrey calciner, 291.

Gold, Action of chlorine on, 22, 305, 313.

of cyanide on, 323.

Allotropy of, 21.

ADoys of, 24.

Bullion, see Bullion, Gold.

bullion assay, see Assay of gold bullion.

' chloride, 59.

' Gold chloride process of electrolytic refining,

i
see Electrolytic refining.
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Gold chloride jDrocess of electrolytic refining—

Circulation of liquids in, 469, 488.

compared with sulphuric acid pro-

cess, 488.

Platinum in, 477, 482, 486.

practice at .Denver. 483.

-

at Now York, 487.

at Ottawa, 484.

at Philadelphia, 482.

in Germany, 481.
- Pulsating current in, 479, 484.

- Rose’s oxpcrimonts in, 478.

- Silver connections in, 488.

- Silver in, 477, 481, 483.

- Wohlwill’s experiments in, 475.

Gold chloride solution, pre{)ared by aqua
regia, 19, 544.

prepared by electrochemical

process, 479, 486.

Gold, Compounds of, 50.

Consumption of, in world, 502.

Distribution of, 75.

dust, 78.

Historical notes on, 1.

in pyrite, 79, 208.

Losses of, .‘jee Loss o! gold.

Native, see Natj\x'

nuggets, 78.

ores, 77.

-

Assay of, see Assay of gold ores.

oi’igin of word, 2.

position under Periodic Ijaw, 5.

Ih’odiiction of, 556.

Properties of, 1-23, see (Jolour, hard-

nc.ss, etc.

Pure, lYopara-tion of, 54L
—-— Purple, 74.

——.-silver alloys, attack l>v chlorim^ 305,

313.

sliruo, see Gold-zinc slirne.

- — Small proportion of, in ores, 77.

-

Solvents for, 18, 22, 479, 539.—— Stock of, in woild, 563.

Value of, 558.—- Volume of, ounce, tdc., 4.

Weight of, cul,)i(? iiudi, etc,, 4'.

Gold-zinc slime, Acid treaitnent of, 387.

-

Composition of, 380, 388, 389.

Fusioti of, 38(5, 380, 391.

lioasting of, 387,—— —~ tr(^atm(mtat H(>!n(‘staki‘,4 1.4, 4 15.

-— at PriiKH'HS Min(% tUM).

-— with sodium bisulphate, 388,

Golden Ifleece, Lcgcmd of, 2.

Golden Reward mill, Chlorination at, 31 L
Goldfield (.Consolidated, (ktishing at, 250,

Smelting {)r(‘eipitafe at, 301.

Goodale, S. L., 416.

Gore, G., 327, .34.3, 464, 471.

Go.ssau, Amalga.mation of, 20S.

Gossans, Gold in, !)7.

Gouy, A., 40.

Gowland, VV., cited, 1, 2, 76, 84, 145, 182,

227, 204, 31.3, 314, ,350, 360, 36L 304,

300, 308, 381, 390, 392, 410, 436.

Grace, F. W., 83.

Grade of amalgamated plates, 80, 186, 188..

189.

of sluices, lOS, 124, 125, 139.

Graham, T., 44, 542.

Granger, H. S., 114.

Granite, Gold in, 76, 77.

Granulation of alloys, 437-439.

Graphic tellurium, 82.

I

(-Irapbite crucibles, 427.

j

in cyanide process, 343, 385.

i Graphite, Precipitation of gold by, 343.

Graphitic material, Assay of, 521.

Gravel, Auriferous, 99, 129.

Cemented, 131, 140.

Distribution of gold in, 131.

Washing, for gold. 137.

I Grease, ElTcct of, on amalgamation, 185,.

207, 210.

Great Boulder, ifiltration at, 370.

(h'con gold, 3, 47.

Green, M., 324, 343, 38(5.

Qreonawalt, W. E., 28(5.

Greenland flints, 236.

Gn^gory, 4. W., 94.

Cfriilin mill, 231, 280.

Grinding, Fimg 227, 230.

Grizzly, 109, 155, 158.

Gronunesteit(U’, Ih, 150.

Gr(>.s.s, d ., 307.
i Grothe, A., 113, 114, 110-122, 364.

Groiuul sluieing, 1 10.

: Gruessner, 237.

,
Gubel, 44.

Gmaihu', W., 30, 53.

Guggtmheiin N.tl., M(ebiu.s process

at, 46(5.

Guid(i, Ralok, 168.

Gui<l<ns for Ht.am()H, 166, 168.

St^etiou.sl, 168.

Guide timlKU's, in stamp mill, 16K.

I
Gulch diggings, 00,

i
Gutters in detip 1.31.

I

Gtit.yko\v, E., 445. 448.
i Gut'/kow pro(;e^5.s, 445.

• (Oust of, 450.

ModiOt'iitious of, 4 18.

Gyratory (U'ushers, 155.

Haanel, Ik* 128.

lladlieltl erusher, 158.

Hall ami 0t»pptu‘, 502.

llalhmarking, 40, 526, 5f(>.

llalogt'H (!t»m poll lids of gphk 50.

Halst*, E., 100.

Hamburg, Helluiue ut, 4H:k

Haiuiij.tm, 1C W., .‘GO, 341, 385.

Hatniuen‘d /?pld, Aiualgamalitai <jf, 2)0.

Hammond, d. H., 133, 130, 166.

Hanktty, d., 207.

Hannan's Brownhill, DiCil proeesM at, .‘2G

Haiuian’.s iSiar, liroinoeyanogiai at, 304.
» Cnmhin'.'; at, 238.

ilanriot, M., 5, 23.
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Harbord, E. W., 281, 284.
Hardinge, H. W., 244, 245.
Hardinge miU, 243.

and fine grinding, 248.
Hardness of gold, 3.

of alloys. Assay by, 554.
Harland, R. H., 163.

Harris, Col., 147.

Harris, E., 316.

Harscher, C., 150.

Harz, jig, 270.

Stamps in, 152.

Hatch, E. H., 94.

Hatch and Chalmers, 347, 562.

Hatchett, C., 26, 27, 31, 36, 38, 43, 44.

Hatschek, E., 95.

Haupt, 0., 562.

Hay, H., 556, 558.

Hayward, C. R., 226.

Head of stamp, 167.

Removal of, 167.

Height of discharge, stamp battery, 162.

of drop of stamps, 169.

HeUot, 10.

Hendryx agitator, 366, 421.

Hendy concentrator, 264.
—— feeder, 174.

Henry, 40, 41.

Henry, W., 318.

Herreshoff, furnace, 292.

Heteren, Van, see Van Heteren.
Heycock, C. T., and Neville, E. H., 26, 29,

30, 38, 47, 53.

Hildebrand, J. H., 205.

Hill diggings, 99.

Hillcbrand, W. E., 82.

and Allen, E. T., 502.

Hillgrove mill, Cyaniding at, 396.

Hise, Van, see Van Hisc.

History of crushing, 145, 150.

of gold, 1

.

Hobson, J. B., 140.

Hofman furnace, 298.

Hofman, H. 0., 39, 226, 292, 294, 492, 493,
494.

and Magnuson, 305, 313 519.

Boitsoma, C., 34.

Hollingcr mill, 399.

Holloway, 0. T., 171.

Holman stamp, 215.

Holthoff-Wcthey furnace, 294.

Homcatako mill, Method of treatment at.

410.
- BrGci])itation of gold at, 381.

vSmelting precipitate at, 391, 414.

Honeycomb liners, 234.

Hoov'evr, 1:L C., tranalation of Agricola, see

Agricola.

Horizontal cells in electrolytic refining, 471.

Horn s{)oon, 102.

Horwood, C. R, 94, 523.

Hos(^ filling, 348.

Housing of mortar, 162.

Howe, B., 291.

Howe, H. M., 287.

Howe process of volatilisation, 291.

Huggins, W., 5.

Hulett, (x. A., and Minchin, 205.

Hunt filter, 371.

Huntington mill, 218, 280.

Husband stamp, 213.

Hutchins, J. R, 106.

Hutchinson, J. W., 250.

Hydraulic classifiers, 250, 259.

elevator, 141.

Hydrauheking, see HydrauHc mining.
Hydraulic mining, 133.

Cost of, 144.

Invention of, 133.

P^Li'tly abandoned, 140.

Piping in, 135.

Riffles in, 138, 139.

Sluices in, 137.

Water for, 134.

Hydrogen amalgamator, 192.

Hydrogen aurichloride, 66.

Melting point of, 62.

Hydrogen peroxide in cyanide process, 323,

326.

Hydrogen peroxide. Precipitation of gold

by, 522.

Hydrogen, Precipitation of gold by, 338,

339, 341.

Hydrolytic decomposition of cyanide solu-

tion, 335.

Hydroxides of gold, 68, 69.

Hyposulphites of gold, see Thiosulphates.

Igneous rocks, Gold in, 76, 78, 87.

Inch, Miner's, see Miner’s inch.

Inclination of plates, launders, etc., see

Grade.
India, Cyanide process in, 346.

Export of gold to, 562, 563.

Gold in, 85.

Indicators of presence of gold in ores, 79.

Industrial consumption of gold, 562.

Infiltration theory of origin of gold in ores,

94.

Ingalls, W. R., 388.

Ingots, Casting of gold, 433.

Injections in cyanide poisoning, 345.

Inquartation, 437.

in assa\fing, 510, 527.

Inside plates, 180.

Intermetallic compounds of gold, see

Compounds, intermetallic.

Iodides of gold, 67.

Iodine, Effect on gold of, 18, 19, 22.

Use of, in detection of gold in ore, 518.

Iridium-gold alloys, Assay of, 523, 552.

Iridium in cupellation, 506.

in gold bullion, 435.

in placers, 132.

Iridosmine, see Osmiridium.

Iron alloys, Scorification of, 548.

Iron-gold alloys, 36.

Iron in cupellation, 507, 508, 547.
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Iron, Metallic, in cyanide process, 327, 341,

378.

Recovery of gold from, 432.

Reduction of silver chloride by, 453,

459; 4()0.

riffles, 137, 138.

Sulphate of, see Ferrous sulphate.

Use of, in assaying ores, 497.

ill refining gold, 432, 436.

Isaac, 36.

Ivanhoo mill, Pan-grindiiig at, 227,

mine, Tube mills at, 238.

Jack in stamp mill, 160.

Jack-shaft, 169.

Jacob, W., 556, 562.

Jacobson, J., 66.

Jacquerod, 4.

J(3cgaT’ and Diessclhorst, 5.

James, A., cited, 228, 233, 236, 274, 2S0,

346, 352, 385, 387, 393, 430, 500.

James, Trewartha, see Trewartha -dames.
Jameson, P. E., 65.

Janceke, 47.

Janin, U., 118, lU), 123.

Janin, L., jimr., 80, 184, 187, 192, 208, 329.

Japan, Gold in, 84, 85, 91.

Ore treatment in, 419.

Jarman, A., 396.

Jars, M., 152.

Jarvis, R. lb, 271.

Jaw crushers, 155.

Jaws, Composite, in hivaker, 156.

Jetterson, J., 27, 34, 38.

Jewellery, Alloys used in, 36, 47, 4t).

Jig, HarU, 270‘

Pneumatic, 271.

Johnson & Sons on ioninu salt, 66.

Jolmson, E. H., eit(‘d, 338, 375, 388, .389,

390, 391, 431.

Johnson sampler, 492.

Johnston, A. M‘A., 344, 495, 520, 522, 524.

531.

Johnston-Fnuj vanner, 419.

Jones, A. H., 327, 391.

Jones’ samf)i(n*, 493.

Julian and 8mart, citxsd, 325, 327, 329, 339.

340, 373, 385, 39().

Julian, H. F„ 325, 328.

Jumpers iniruN Ovanide expcu'imfmts a1..

354.

Jiiptner. Baron 11. von J., 546.

Just agitator, 364.

Kalgoorlie, P>all mills at, 279.“ (Jyaniding at, 393.
- — Filtcj>pr(^Hsing at, 372.

Grifiin mill at, 280.

Huntington mill u.t, 221, 280.
> Piiu-grinding at, 227.

Roasting at, 296, 298.

Tellu rides at, 82, 83.

Kalgoorlito, 83.

Kandclhardt, 527.

Kaolin, Effect of, in cyaniding, 333.

Karangahake, Cyaniding at, 321.

Kasantseff, 40, 41.

Kebler, 66.

Keith, N. S., 325, 343.

Keller, 35.

Kelly filter press, 392, 421.

Kcrl, B., 301,

Kershaw, J. B. C., 478.

Kick's law, 232.

Kilogramme of gold, Value of, 558.

King-posts of battery, 160.

KirkpatrieJe, S. F,, 384.

Klondike, Frozen gravel in, 100.

Nature of gold in, 98.

Steam shovel iji, 128.

KnafTl, 41.

Knight, F. (I, 82, 83.

Knox pan, 195.

Kiiuisen, H., 394.

Komata liner, 235.

Konig, 64.

KralTt, F., 8, 55.

KreniUM'ile, 82.

Kroin ]>neu niatic \\l% 271.— rolls, 276.

K I’oneke j )r< xu sss, 1 47.

Krupp hail mill, 277.
- tube mill, 239.

Kru.seh, P., 82.

Kriiss, (t, 3, 60, 61, 63, 64, 72, 545.

Kurnakow, 32, 33.

Kiiryhi, M. H., 364.

Kustel, G., 154, 289. 308.

Lamb, M. R., 364, 385.

.in.mj)adius, 43, 4 I.

jane mill, 252,

auigi', 30(t

jasH, W, P., 364.

jiitrmt heat- of fusion of 5.

aitciral H(‘eretion tlu‘ory of origin of gold
ores, 93.

jatta, .1., HO.

am l ie, A. P., 53.

aiw, E. IC. 25.

atw, R., 155, 538, 545.

aiws <4 erushing, 23/2,

aizzlo amnlga-maior, 223.

ai (4»at<4ier, IL, 53.

amrdnnv. Amount of water usixl in, 307,
313.

by deeantadion, 356.

by pressun'i of air, 371,

by vatuium pnwsure, 367.

Gircmlaiion nud lnal of, 353.

l)iffl(aiIti(‘H in, .316.

in (thioririat ion proeess, 306, 313, 318.

in eyanah^ proraw, 353.

Rate of, 352,
• 'rransfrumua; meihfrri of, 353.

vats, 352.

Lrnul acotatr^ 33f5, 353, 357, 375.

Gcjnsuinpli«m of, 408.



INDEX. 589

Lead, Amount required in cupellation assay,
527.

in assay, 496.
commercial, Gold in, 75.

gold alloys, 25, 27, 36, 58.

in cyanide process, 328, 336.
in gold bullion, 442, 449.

in mercury, 202.

ores. Assay of, 502.

salts in cyanide process, 336, 337, 353,
357, 375.

Separation of, from gold, 449.

-zinc couple, 337, 338.

Leads in gravel, 131.

Ledoux, A. H., 519.

Lee, C. W., 430.

Lehfeldt, R. A., 563.

Leibius, A., 452, 453.

Leidie, 553.

Lenoffeld, F., 60, 66.

Lenher, V., 19, 20, 50, 60, 65, 67, 71.

Levat, E. D., 85, 104, 144,

Levin, M., 43, 51, 52.

Levol, A., 72, 505.

Levy, D. M., and Jones, H., 522.

Liberty mill, Dorr thickener at, 360.

Liddell, D. M., 33.

Lift of stamps, 169, 171,

Lignite, Gold in, 76.

Lime, Amount used on Rand, 408.

in chlorination process, 288,

306, 308.

- in cyanide process, 335, 353,

356.
- in stamp battery, 184.

Limestone, Gold in, 75.

Lime used in stamp battery, 184.

Limonite, Effect of, on amalgamation, 208.

Gold in, 79.

Lincoln, F. C., 76, 93.

Lindbom, 337.

Lindct, L., 60.

Linclgrcn, W., 81, 83, 91, 92, 93, 97.

Liiidslcy, T., 87.

Lining of tube mill, 233, 245.

Liquation, .see Segregation.

Lic|uidus curve of alloys, 24.

Litharge, 'Femperature of reduction of, in

assaying, 498.

Use of, in assaying ore, 496.

ill scorifying lead containing

tellurium, 517.

Litbgow, N. S. W., Moebius process at, 466.

Liveing, E. H., 83.

Liversidge, A., 11, 13, 76, 77, 97.

lJuvia (ie Oro, Cyaniding at, 417.

Xuoad of tube mills, 236.

I.ock, G. W., 192.

Locko, C. E., 250, 254.

Lockycr, N., 5.

Lockycu’, N., and Roberts-Austen, W. C.,

s, Gold in, 77.

Lodge, R. W., 502, 509, 515, 517.

Loewy, J., 327, 501, 521.

Longbottom, W. A., 396.

Long Tom, 103.

Loran, S. H., 214.

Lessen, C., 20.

Loss of float gold, 206.

of gold by volatilisation, 428, 539.

in amalgamation, 205.

in bullion assay, 539.

in chlorine refining, 460.

in cupellation, 508, 539.

in melting, 9, 4.28, 434.

in ore assay, 500, 508.

in roasting ore, 289, 306, 310^
in scorification, 517.

Loss of mercury in retorting, 202.

in stamp milling, 202, 203.

of rusty gold, 207.

of silver in chlorine refining, 460.

Lotok, 102.

Louis, H., cited, 4, 23, 41, 43, 79. 83. 85,

145, 165, 229 ; 6‘ee Schnabel.

Lowe, 63.

Lowles, J. I., 385.

Lucchesi, A., 72.

Liihrig vanner, 268.

Macalister, see Tliomas.

MacArthur-Forrest process, 321.

MaoArthur, J. S., cited, 321, 322, 325, 330,
338, 339, 344, 384, 396, 429, 430.

M^Caughey, W. J., 20.

M'Connell, J., 273, 397.

M'Cutcheon, W., 198, 452.

McDermott sampler, 492.

McDermott, W., 187, 206, 432.

M‘Dougall, Cl, 206.

MacDoufiiall furnace, 292.

MaoFarren, H. W., 182, 281, 322, 340, 342,

344, 390, 392, 396.

Mllhiney, P. 0., 19.

MacTvor, R. W. E., 29.

MacKay, A. N., 337.

Maclaren, A,, 249.

Maclaren, M., 87-92.

Maclaurin, J. S., 323, 326.

Mactear, J., 208.

Maev, E., 53.

Magkiau, W., 322.

Magmatic segregation, 94.

Magnesia cupels, 504, 509.

Assay of, 515.

Magnesium-gold alloys, 39.

Magnetism of gold, 5, 23.

of gold-cobalt alloys, 31.

Magnuson, M. G., see Hofman.
Makins, G. H., 8, 508, 538.

Maldouite, 29, 85.

Malleability of gold, 3.

Mallet, J. W., 44.

Maltitz, S., 150.

Manganese alloys, Scorification of, 548.

Manganese dioxide in fusing gold- zinc slime,

389, 431.

Manganese in cupellation, 507, 508.
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Marais, 324 ;
see BetteL

Maray, 146.

Marble, Gold in, 76.

Maiv'ottet, 50.

Marks, E. S. and G. N., 114, 120, 121, 123.

Marriner process, 393.

Martin, A. H., 370.

Mason, A., 445.

Mason, E. H., 390.

Mathews, J. A., and Watters, L. L., 64, 7i.

Mathison, G. E., 439.

Matte in assaying ores, 499.

Matthey, E., 45,>)7, 58, 548, 549, 552.

Matthiessen, A., 50, 53.

Mattison, E., 133.

May Consolidated, Cyaniding at, 327.

Maynard, G., 465.

Mears, H., 311.

process, 3U.
Measurement of gold beads, 518.

Medina, B., 146;

Megraw, H. A., 234, 249, 252, 359, 385,

380, 391, 395.

Mein, see Butters.

Meinickc, 173.

Melbourne Mint, (diloriiic refining process

at, 453.

Mellor, E. T., 94.

Melting bullion, 423, 427.

Loss of gold in, 9, 434.

gold-zinc slime, 386, 389, .3fll.

Melting point of gold, 4.

Mones, 1.

Mcnnoll, J. L., 304.

Mcrca])tide of gold, 71.

Mercier, 66.

Mercuric chloride, Tougluniing by, 431.

Mcrcur Mine, Cyaniding at, 353, 380.

Mercury, 203.

Antimony in, 203,

Arsenic in, 203.

baths, Use of, 212.
— -chloride, in amalgamation, 192.

- - in toughening, 431.
- ~ cyanide, 325,

Distillation of, 205.

lilarliest use, of, 1 15.

Eceding of, into mortar, 183.

Elouring of, 202, 203.
- -cold alloys, 40.

Native, 41, 83.
-— Impurities in, 202.

- in cement mills, 140.

in cyanhling, 325.
— in parfiinc’, 512, 549.

-

- in sluicing, 1{)7, lOf), 120, 139.
- in stamp })attiuy, 43, 179.

Lead in, 202.

-

Loss of, in Huntington mill, 220.

-

— in melting gohl, 202.
- - in r{d;orting, 200.

ixi stamp milling, 202, 203,
408.

on amalgamated plui(;s, 179.- Properties of, 203,

Mercury, Purification of, 203.

Sickening of, 202, 203.

traps, 187, 190.

Use of, 2, 43, 179.

see (ilso Amalgams.
Merricks, E. M., 273.

Merrill, C. W., 380, 391.

Morrill filter press, 373, 384, 412.

Morton furnace, 297, 390.

Merz, V., and Weith, W., 42.

Metallics in assay, 4!)4,

Motainorphic rocks, Gold in, 78.

Mexico, Ancient methods in, 146.

!

Meyer, E. E., 389.

j

Meyer, E , 66, (>7.

I Meyer, L., 8, 205.

;
Micfiaelonko and Mx3.shtsehorjakofl', 324,

I
326.

j

Miius, H. A., 10.

I
Miera, J., I4(>.

Mill, Ball, 277.

Chilian, 248.

Griflin, 280.

Hardineig 243.

P(d>l)!e, 232.

I

Bnllcr, 218, 221.

! Sehemnit/, 222.
' - Stamp, 1.5{K

* Arrang<mumt of, 176.
i Hifes for, 176.

: 'rub(g 232.
’

• 4’yr()l<*a.n, 222,

:
MilI<;r,’E. IL, 550.

Miller, E. B., 450.

: MilltU’ proe(*SH, 450.

: Minas Priel.as, Ekuit rited pnudpitatjon at,

I 385.

i

Minchin, se*; Ihilett,

Minei’iils oecmi’i’in,"; wit h gold, 79, 1.32.

I
‘ with (oilund(‘s, 83.

I

Minm’’s ineh, 134, 135.

j

Duty of, in plaeer working, 139.

in stanif) mil!, 175.

Min<u''H pan, 100,

Mingaye, d. (t H., 82, 83,

^ Miniature, paintin?/. Gold ustMl in, (59.

;

Mint, 1 loyal, . Loyal Mini.

I

Mint Kwerp, Assay of, 521.
' - 'Prentnumi. of, 4!{5.

;

Miocene Hil.tth Company, 134.

j

Mispie.k(4, Gotd in, 79.

I

“ - si'e Arsenie.

Moeiaits prtje.esii, 461.
- - Elect, rolyl.e in, 467.

- exa,mf4es pnieliee, 4<55, 4<)6.

- Loss of Hilvfu' in, 4(»S.

Moir, d., 21.

Moissan, H., 9, 55, 73.

Moistung Aimmnt of, in tube nulls, 239,

243.

.Mohhmham*!’, M., 339, 384.

Molloy hy<lrogim amalgamator, 192.

. proci^Hs, 385.

Molybdenum in eupellation, 508.

Monitor, 135.
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Monobromide of gold, see Aurous bromide.
Monochloride of gold, see Aurous chloride,
Monteju, 416.

Moore vacuum filter, 367.
Morgan, P., 273.

Morison, D. B., 169, 213.

Morison stamp, 213.

Morse, W. S., 299.

Mortar, Ancient, 145.

blocks, 160.

-box sand, 194.

Depth of ore in, 173.

Discharge of, 162, 171.

Double ischarge, 172, 273.—— Housing of, 162.

in Tintin process, 146.—— of stamp battery, 160.

Deeding ore into, 160,

161.

Number of stamps in,

173, 213, 214, 215.

Water supply of, 175.

sand, 194.

Morton, Prof., 80.

Morveau, G. de, 3.

Mould for ingots, 433.

Mount Morgan, Chlorination at, 311, 316.

Crushing with ball mills at, 279.

Crushing with rolls at, 275.

B-oasting at, 316.

Mud box in sluicing, 109.

Muffle furnace, 503, 528.

Temxjerature of, 534.

Muller in pan, 225.

Muller, M;, 64, 73.

Munktell process, 315.

Munktell, W., 315.

Muntz metal amalgamated plates, 186, 416.

Murchison, R., 86.

Murray, J., 447.

Mustard gold, 83.

Mylius, D., 25, 30, 53, 545.

Nagano, Jajjan, Ore treatment at, 420.

Nagyagite, 83.

Napier, J., 7, 19.

Nardin, E. W., 3, 6, 319, 320, 325, 394,

Native gold, 77, 78, 79, 81.

—— alloys, 29, 41, 44, 49.

Composition of, 84.

comx)Ounds, 81.

- tcUurides, 81, 82.

Neal’s discharge, 234, 236.

Neumann, B., 6^k

Neville, D. H., sec Heycook.

Newbory, J. Cosmo, 26, 202, 203, 311.

New South Wales, Gold in, 561.

New York, Electrolytic refining at, 469, 487.

Now Zealand, Cyaniding in, 415.

dredge, 116, 117.

Dredging in, 113.

Gold in, 561.

Riifiies used in sluicing, 139.

Nicholls, H. E., 491.

Nicholls, H. G., 360.

Nicholson, 227, 228.

Nickel-gold alloys, 43.

Nickel in cupeUation, 507, 508, 547.

in seoriffleation, 548.

Nickles, J., 19.

Nipissing mill, 385.

Nissen, P. N., 215, 217.

Nissen stamp, 215, 417.

Nitre in assajfing ores, 497, 501.

in toughening buUion, 430.

Nitric acid, Action of, on metals, 438.

Gold dissolved in, 467, 539.

Refining gold with, 437.

strength used in parting assay,

511, 536, 539.

Nome, Cape, Gold washing at, 104.

North Bloomfield Mine, 139.

North, E., 41,

Nuhia, Gold in, 1.

Nuggets of gold, 78.

Crystalline structure of, 11.

Eormation of, 11, 78, 96.

Origin of, 96.

Quartz in, 78.

Occluded gases in gold, 542.

Occurrence of gold in nature, 75.

Odenheimer, E., 71.

O’Hara furnace, 292.

Oil, Concentration by, 271.

Oliver filter, 370.

Order of fall of stamps, 173.

Ore, Assay of, 495.

bins, 155.

cnishing for assay, 493.

I crushing, primitive methods, 1, 145.

in stampj battery, 150, 155, 159.

: Detection of gold in, 517.

dressing, 254.

drying, 272.

feeding, 173, 236.

sampling, 490.

Ores of gold, 77.

-Assay of, 490.
- Geographical distribution of,

85.

- Geological age of, 86.

- Origin of, 90, 93.

Organic matter, Effect of, in chlorination

process, 306.

in cyanide process, 337.

Origin of gold in ore.s, 90, 93.

of placer gold, 96.

of Rand gold, 90, 94.

Oroville, Dredging at, 117, 122.

Cost of, 122.

Oshome jaw for rook breaker, 156.

Osborn liner of tube miU, 235.

Osmiridium in bullion, 435, 553.

in placers, 132.

Osmium-gold alloys, Assav of, 553.

Osmond, 27, 34, 51.

Ottawa Mint, Chlorine refining process at, 463.

Electrolytic refining process at,

471, 484.
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Ounce of gold. Value of, 558.

Volume of, 4.

Outi^ut of gold in world, see Statistics.

Oxalic acid as precipitant of gold, 545,

Oxidation of pyrite, Gold made visible by,

80, see Pyrite, Decomposition of.

Oxide of copper, Toughening by, 430,

Oxides, Effect of, in chlorination jn'oeess,

30G.

of gold, 08.

Oxidised sulphides, Amalgamation of, 208,

in cyanide process, 332.

Oxidisers in, cyanide process, 324, 320, 330,

358, 361.

Oxidising roast, 281.

Chemistry of, 284.

Oxygen in cyanide process, 323, 320, 330.

Oxygen, Refining witli; 430

Pachuca tank, 361.

Pack, J, W., 545.

Packard, G. A., 381.

l^addock dredging, 121.

Palladium-gold alloys, ‘14.

—

Assay of, 552.

Native, 84.

Palmer, C., 96.

Pan-amalgamation
,
223.

Pan, Berdan, 221).

— Boss, 22(i.

—

— Britten, 229.

Clean-up, 195.— Cobbc-.Mkldltston, 227.

(4yaniding in, 393.
— - Fine grinding in, 227, 393, 44 1.

—

with eenti’al feed, 22S

—

Knox, 195.

-Miner's, 100.

—

—— Amount of work done h\\ 11.3.

.Siberian, 121, 127.— - Treatment of eoncenl.rat(^ in, 220.

—

We.shing gravel in, 100.

Pariuudsiis, .2.

Ihnk, J., 347.

Parke’s process, 55, 57.

Parral vat, 364.

I'^arsons, C. Fk, 2M.
Parting, 435, 510, 535.—- - acid, Strcnigtli of, 511, 536.

—

- alloy, 527.

'

—

in bullion assay, 535.
’— in or(‘. assay, 510.

as.say, 51
1 ,

525.— I’latinum in, 550.

—

Use of cadniiuni in, 546.— Use of sulphuri(; a(.‘id in, 54(>, 550.

—

bullion, PinceHS(‘s oi', (35.

flask, 511, 53(;.

gold bullion, 422, 435.
- in platimun tray, 53{}.

—

in jK)rc(4ain ciiKiihk', Td 1.

- in test tube, 51 1.

—“— Mm Relining.

Pasty .siag(! of alloys, 21.

Patchin, G., 506.

Patio proces.s, 146, 147, 226.

^^attinsonisation, 39.

.^awlo. R., 396.

kiyne, C. ()., 275.

Xyne, F. W., 117.

^^earce, K., 35.

*carcc, .S. H., 23-

furnaco, 292.

»earson, R„ 463, 477, 479, 487.

*ebble mills, 232, 243.

Vdabon, JL, 51.

kdataii-f 'lerici ju’oeess, 385.

N. Mini, G., 51.

h4ou/.(‘ ami Freimv, 527.

,T{)lar, ;D. 4., J 98,* 204, 210.

Vpys, tS., 525.

*ercus.sion ta4>l<?s, 261.

Va’cy colleiction, 75, ,319.

ku’cy, 4., eit(;<!, L3, 75, 7(>, 8 4, 115, 146, 300,
43(5, 430. 445, 447, 450, 453, 501,
517, rm, 533, 535, 540.

Vu iodie. law, Posil.ion of gold under, 5,

Vrkin, F. M., and Pr(4)ble, VV. (k, 523.

2{‘rmaiiganat(‘ (Oilorinalion ])roc('HH, 315.— in e.yanide process, 324, 343, 356.
358.

-
• Ikse, of, in R(4ining, 431.

Vnvt, h.., 99, 100, 106, 123, 125, 126, 127.

*eiTot, F. L., •!.

4erth Aniljoy. iMo<4)iuH {»ro{!ess at, 465,

ku'f.h mints R<4itnng at., 46 1.

k'l'tseb, 71.

NssOinaia Mine, 07, 185.

N‘l.ri(% Flinders, 1.

’('(lenkoiVr, M., 527.

‘eiiuH or Pt‘ttv, Sir 4., 420, 490, 525.

>(4.y.it.e, S3.

’fleger prot‘ess, 385.

'helps, 4., 512, 515.

'hilmlelphia, (hild bmieath, 75.

Mints ( 'ombimMl pm1 ine. prolU'MM jO
, 445

I'iliMtirolytii; refining at, 466, 482.

Nitrite arid process at, 445.

Phillips, 4. A., HI, {»3, lOI, 227.

Pli(i(‘ui?< .stamp, 213.

Pilot (»!? ra ph s , l^s«‘ of <'(tld in. 66, 71.

I'icard, H. F. K., :i0T.

I'inos Altos, .Mofhins pnaiess at, 465,

Pitt, II. T.. 172, 175, 17f>.

Pittman. E. hk. 83.

Piltshure;, Moelmis proi^ess at, 465.

IMaeig’ deposit ‘5, 77, KS, 9!),

.A'g* i>f, 92.

Amount of gold in, 77.
(

'(jst. of wmliing, 143.

t'rvntals ol g(t{d in, It), il, 12, 77.

IhV]), 129.

« Minerals in, 132.

Xngg<4s in, avt Nuggyts.
Origin of, 88. 92, t)6.

Shallow, 99*

'I'realment. of, 99, 129.

Placer otjpp t Nun po.si lion of, 81, 423.

FoiniM of, lO 12, 77, 78.
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Plate gold, Origin of, 96.

Plates, Amalgamated, see Amalgamated
plates.

Platinum boiler for parting assay, 536.

Platinum-gold alloys, 45, 57.

Assay of, 523, 549.

Platinum in cupellation, 506, 549.

in gold from Germany, 482.

from Nprtli America, 477.

from Rand, 523.

in placers, 132.
—— in refining by electrolysis, 477.

Sex)aration of, from gold, 477, 482.

tray for partina-, 536.

Plattner, 0. P., 286, '300.

assay method, 519.—— process, 301, 302, 308, 310.

Amount of chlorine used in, 306.

Impregnation in, 305.

Pliny, 110, 145.

Pliocene rivers of California, 120.

History of, 132.

Plymouth Consolidated Mine, Plattner
process at, 308.

Pneumatic jig, 271.

stamp, 213.

Pointed boxes, 256, 260.

compared with cones, 260.

Poisoning by cyanide, 345.

Porcupine, Cyaniding at, 359.

Ore treatment at, methods compared,
399.

Porpezite, 44, 84.

Portable assay outfit, 515.

Porter, J. 143.

Port Kembla, N.S.W., Moebius |)rocess at.

465.

Posepnv, P., 94.

Postlcthwaite, R. H., 117, 121, 122.

Potassium auricyanide, 68.

aurocyanide, 67.

cyanide, see Cyanide, /

-gold alloys, 21.

Powell, 0. P., 356.

Power, P. D., 114, 294.

Power, P. R., 453, 461, 463, 545.

Power for tube mills, 237.

Prat, J. P., 20.
.

Prebble, W. C., see Perkin.

Precipitate, Gold, from cyanide, see Gold-

zinc slime.

Precipitated gold, 4, 21.

Settlement of, 308, 310.

Precipitation of gold from chloride solutions,

307, '314, 318.

by acetylene, 64.

by alkali, 64,

by charcoal, 64, 318.

— py ferrous chloride, *489.

by ferrous siilj)hate, 65, 95, 307.

•

— by metals, 65.

*

by organic matter, 63,

— by oxalic acid, 545.

... — by stannous chloride, 65.

by sulphides, 95, 314.

Precipitation of gold from chloride solu-

tions

—

by sulphur dioxide, 60, 65, 95, 314,

343, 544.

by sulphuretted hydrogen, 72, 314.— by tellurium, 50, 64.

• Effect of copper salts on, 307.

Precipitation of gold from cyanide solution,

375, 397.

as cyanide, 343.

by aluminium, 339, 384, 385.

by charcoal, 343, 385.

by copper salts, 343.

by electric current. 385.

by graphite, 343.

by lead-zinc couple, 338, 375, 381.

by sulphur dioxide, 343.

by zinc, 338, 375,

by zinc amalgam, 385.

by zinc dust, 381.

by zinc shavings, 375.

b}' zinc wafers, 384.

effect of copper in, 397.

in leaching vats, 337, 343.
> in zinc boxes, 338, 339, 340, 375.

Precipitation of gold in gels, 95.

of silver by copper, 443.

by salt, 438.

Pregnant solution, 359

.

Preliminary assay of gold bullion, 546.

Press, Amalgam, 194.

Pretoria Mint, Refining at, 489.

Price, T., 461.

Priestman di'cdge, 119.

Prill, 533, 551.
'

Primary rocks, Gold in, 87.

Primitive methods of amalgamation,- 145.

of crushing ore, 1, 145.

of washing river sands, 1, 2.

Princess Mine, Treatment of gold-zinc slime

at, 390.

Priusep, J., 534.

Prister, A., 341.

Priwosnik, E,, 19, 64.

Producer gas for roasting, 299.

Production of gold, see Statistics.

Proof centners, 490.

Proof gold, see Pure gold.

Proofs or cheeks in gold bullion assay,

542.

Properties of gold. Chemical, 5, 18.

Physical. 2.

Proportion of goM and .sih/ci' in parting, see

Ratio.

Prospecting trough, 102.

Protective alkali. Assay of, 344.

Proust, J. L., 3.

Prussian blue in cyaniding, 338.

Prussic acid, effect on gold, 327.

Pryce feeder, 236.

Pryce, L., 236.

Puddling tub, 104.

Pufahl, 0., 444, 465.

Pulley, Cam, 166.

Pulsating concentrators, 271.

38
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Pulsating current in eleutnjiylic reiinin*^

479, 484. 487.

Pure gold, Pro|)aratioji of, ">{{.

Purification of mercury, :2fil.

Purington, aW.,91, 100, WZ i07, iOO, I MJ,
' 120.

•

Purple alio.)', 26.

colour of gold, 2.

Purple of Cassius, 8, 6.6, 72.^

l^yramidal boxes, 266, 260.

I^yrite, Decom])ositiou (d', 262.

Effect of, on aiualeauiutiou, 208.

Gold in, 79, 80, SM, 20.s.

KlTeci of eyauiib^ on, 80 .

in clilorination process, 606.

in cyanide |»roe(*sH, 662.

Roasting of, 285.

Pyrrhotine and gold, 70.

Quartz voins, nutifcruus, f6»anf ry rock of. 77.

Quenneason, 666.

Quercigh, E., 61.

Querns, 146.

Quiball, 2.

(^uickiniUs, 222.

(vl.uicksih'cr, me M'ercuiy,

Rae, J, H., 621.

Ealok guide, ir>8.

Rammelslxsrg, C., 40, 41, 86.

Eand, Cone clnssifuirH of, 26H.

Gost of treatiiKuit at, 408, 4i8,K— of |>roduetion of gold at, 662.
- —" Cruci!)Ie imdting at, 426.— ("Irusliing In cyanide at, 608.—

‘ Cyaniding at., 407.
*•“—- Ore t-reatnieUit at., 4tHI.

Production of gold at,, 66 f, 662,
kSpitzkasten at, 266.

-

- Pube milling at, 267.

Randall, P. M., 166, 176.

liaoult, P., 6, 26.

Raxuilt, M,, 20, 66.

Rapid City, Hromimdion at, 616.
Raspo, 166.

Ratio of silver to gold In paiilttg hhhuv. *610,

627, 64'2,

R-ayat, U., 47.

Kaymofid, R. W,, 206, 262.
Rcaictions In eblorlnaiion proecHH, 605,

ff]! cyanid(‘ process^ 626.
Read, T.'7\, 186, 190.

Rxelproeating Ridgway filler, 670.
Re (lisHoiving of gold in ^.inc box-es, 660,
Red lead in ore assaying, 406.
RxMlncing'; agfuits in oie aHnaying, 407.
Rednetfon of sihsu* eldoride fjy iroii* 460.

4(50.

- “ by Bodimn enrbonale, 462, 460,
" by y.ine, 466.

n of silv(U* Hidpiiate, 446, 440, 448.
0- 460.

IP'rf ‘ftld,

Rediniii ', ( »»'M t

anei*'n? po
.

*
'

by an, -b's, P . t

by a'Hia O

by . I

by e» m* III 'nit .jj i.Ik.

by ofilnjidt' 4 :||.

by eldtuinr, 4 ,»*.

(M'.l ,4, Pd.
by enmbisa-d pitM-.

by f>*d J
• ,

I

I

by e}.'e|}Mh,.ae P-b O'j,. i . |

by Cnf/la po-.t' M
by man eia »bt. ; h.h

,
S il

by tttUr, Pfit

by luffir’ -l.’IV

by niifr mI » M'pi'* 3
,

i;a»

by tAy;''i'iio 46*». I'Od

by fialanjmMOi.'i-', 141.

by niilpind*- *4
,

1 ,1 *.

by Jiulpbm
,
Pin

by .'ui!|4mj|. ,* 14 ,
rti.

by v»4af ilcMle tii, p.*s

lleiinitiMn >4.

R»*:.njndnje. 210 .

in pans 201 .
:':‘p

in inbi'

PaOrhen^fein, i Ip-joi.d'e ai .»S. O'O
Re.pitejpiliifjMJi m! tnii

\ apt. 667.
RrPni '.HMy ;»ti|

Rrtoi'hne amalvane PI. I Pt |0!f

M»'i»’niy rjiton*'*! t*v m. ’Oog

Revei-b»'mn,n Onp ;|po.

b»i jeMtiiuii:.'
. lOe

H('\f4t}f»nn of ,*)f p'a-i

i*f lnl»*' for, 267
Reyia-'1»1 n ,1,. pgs,
Hliodi-H, is IJ;,^

Rbodinm v 4«l alts s ss.i.

v\HMny *tl, P2;p 6;#2 ,

Rhoditnn >,*<4*1. 'XiOne, h4.

Hieimi'ds furme-i', gpp :ip»%.

ItieliurdM, .1., 277,
Riehiinls 6, V,, 1 12,

HaduntlH, 6, ppp
Rirluu'iP,, IP, mP-d, H, »p Mi;p | 2 R Pb

167. Iiib, 17:*, IHP, |h2, 202, 260, bbP

26.7 266, 26h, 27o, 276. 401, 402. 406
Riebe, \., 6.2b
lUipiiMk 1. V, eiP'd. 7if, HI, M2, H6* H

80, HT, op 07, IIP I4:p III2, lO
1 72. I HO. 202, 400.

P, di* p., :,»KP 60!b

; IP IP, 40‘P 610.
Ridei'M, Cse nP in meiyjiing, 616.
Ridewny filP-f, :0|H, 670.
Riejimdiils \4ot. \*ait llkniiwlijk.
RilHoil Mlnb'eM, 206.
HiOleis 107, 120. 124, 125, 167* Ml*

Block, 167.
Rillle Hiimptfo. lOtb

liifileH in bnddlrjs 204,
Inm, 167. 168, t4l.
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‘Rigg, E., see Roberts*Austen.
JRiisdon dredge, 115, 118.

Rittinger, R. R. von, 256, 258.
Rittinger's law, 232.

River gravels, Ancient, 130.

mining, 112.

Rivot, L. E., 505, 508.

Roasting before amalgamation, 224.

before chlorination, 281.

before cyaniding, 393.

Cooling after, 299.

Dead, 281.

for dehydration, 316, 347.
• furnaces, 281, 309.

gold ores, 281, 347.

Chemistry of, 284.—— gold-zinc slimes, 387.

in assaying ores, 499.

Use of
, 500.

Loss of gold in, 288, 289, 306, 310.
Oxidising, 281, 28L
Sulphur left in ore after. 306.
Sweet, 281.

with producer gas, 299.

; with salt, 287, 306, 309.

Roberts-Austen, W. C., cited, 3, 4, 5, 15,

25, 26, 27, 29, 30, 32, 33, 34, 35,

38, 47, 49, 51, 57, 281, 284, 534.

540, 543, 554.

and Rigg; E., 4.

Robertson, G. A., 261.

Robinson Deep, Disposal of tailing at, 356.— Gold-zinc shme at, 388.

Robinson Mine, Cyaniding at, 353.
Robinson, S., 234.

Robins, "Vih M., 460.

Rock breakers, 155,— Multiple-jav/, 158.

Position and use of, 158.

Rocker or cradle, 103.

Rock pavements for sluices, 137.

Rocks associalod wlU: cold. 77.

Rocks, Gold di^s-.'iuin.ncd ii., 75.

Roessler, see Rossler.

Roller mills, 218, 248, 280.

Rolling gold, Effect on structure of, 3, 16.

Rolls, 274.

Choke crushing by, 275.

compared with stamps, 276*

Crushing with, 158.

Erazec, 276.

Free crushing by, 275.

Krom, 276.

Use of, at Uwarro, 421.

Ropp straight-line furnace, 294.

Rosales, H., 93.

Roscoelito occurring with telluridea, S3.

Rose, G., 4, 84.

Rose, H., 552.

Rosewarno, D. D., 316.

Roskelley, 1., 163, 167, 168, 175, 179, 184.

1 04 1 Q8

Rossler, If!, 29," 540.

Rothwell, J. E.; 298, 299, 311, 312, 313,

314, 315.

Royal Mint, Assay furnace -at, 529.

Assay methods at, 526, 528, 532,

534, 537.

Cupels at, 531.

Loss in melting, at, 434.

Melting furnace at, 423, 424.
Ruble hydraulic elevator, 143.

Ruby gold, 3.

Ruer, R., 44.

Russell, E. H,, 70.

Russia, Chilian miUs in, 252.

Gold in, 85.

Placer mining in, 104, 123.

Rusty gold, 207.

Ruthenium-gold alloys. Assay of, 553.

Rydbei'g, 3.

St. John del Rey, Blanket strakes at, 263.
Salammoniac, Toughening with, 431.

used on amalgamated plates, 179.

Salamander crucibles, 427.

Salkinson, A., 356.

Salt deposits. Gold in, 76, 77.

in ore assaying, 497.

in roasting, 287, 306.

Loss of gold caused bv, 289,

291.

Salt, Precipitation of silver with, 438.

rock, Gold in, 77.

Sample grinders, 494.

Samplers, 492.

Samplhig, 39, 490.

Automatic, 492.— bullion, 433, 526.— Difficulties in, 33, 39, 58.

by coning and quartering, 491.

by shovelling, 491.

cone, 492.

gold wares, 526.

iron, 491.

machines, 492.

ores, 176, 490.

pulp in stamp mill, 176.

shovel, 493.

telluiide ores, 492.

tin, 493.

tubes, 491.

Sand, Battery, 194.

Collection of, for cyaniding, 348.

Cyanic] infj; of, 352.

Die, 194.",

Mortar box, 191.

Volume of ton of, 352.

Sandberger, F. ^^on, 93.

Sandstone, Gold in, 75, 76.

San Francisco, Electrolytic refinina' at, 468,

<188.

Sulphuric acid refining at 440,

444, 445.

Savot, 437, 525, 527.

Scaling amalaamated plates, 198.

Scheffer, H. t., 439.

Schemnitz mill, 222.
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(Schertel, A., 45.

Schild, 39.

Schists, Gold in, 77, 78, 87,

Schleicher, A. P., 27.

Schliemann, 49.

Schliiter, 146.

Schmidt, C. 0., cited, 156, 158, 160, 163,

165. 166, 167, 168, 171, 175, 181,

188 100, 215, 236, 235, 257, 349,

352, 375, 426.

Schmidt, E., 66.

Schnabel, C., and Louis, H., 41, 222, 223,

227.

Schneider, E. A., 73.

Scoria in ciipellation, 507, 508.

Scorification assay of alloys, 547.
— of ores, 515.

Screen area, 172, 215.

Screen, Callow, 256.

Dredge, 114.

Screens, 209, 255, 403.

EiTect of, on output of stamj) mill, 231.

in dredging, 114, 117, 120.

ill sixteenth century, 150, 152.

in stamp mill, 171.

Life of, 172.

M'ateriais used for 17 J.

Sizing by, 255.

Sea water. Cold in, 76.

Secondary rocks, Gold in, 92.

Sectional giude.s, 168.

Sedimentary rocks, Gold in, 75, 76, 87.

ScgrCLm-tion, Definition of, 57.

in aold alloys, 29, 39, 45, 57.

—

Magtmitie, 91.

Selective action of cyanide, 322.

Solenale of gold, If), 71.

Scdcnic acid as solvimt for gold, 19.

Sekiriiuni in eu|)ellation, 5t).S.

Selwyn, A. (I, f)(i.

Selwvn-Brown, A., 396.

Semple, (I a, 221.

Separation of sand from hHiiks svr Classi-

fication.

Serpentine ami gold, 78.

Sotting amalgamated plai(% 179.

Bettknnordi of ore in waf.<*r, ,254.

Settling boxes, 257.

Settling, 254.— Hindered, 254,

Sl'iaking amalgamati*d |»lat(‘s, 187,—“ screens, 255.

Shale, Gold in, 75.

Shank of stamp shoe, 167.

Sharwood, W; L, 81, 381, 382, 383, 391,
410.

Shaving-^, Zinc, 375.

Shaw Mine, Huntington mill at, 221.

Shepard, W. M., IM, 116, 117, 118.

Shoe of stamp, 167.— ——— Wear of, 168.

Shovel, Sampling with, 491.~ Split, 493.

— Steam, for placers, 1 28.

Sibbett, a. E., 114.

Siberia, Gold in, 85.

Treatment of placers in, 123, 343.

Washing gold in, 100, 104, 123, 143..

Siberian pan, 1 27.

sluice, 124.

trough, 104.

Sickening of mercury, 203.

Siemens-! liil.ski' process, 385.

Sieves used by ancient Egyptians, 145.

Silica in ore assaying, 497.

sponge in agitation vat, 364.

Silicate of gold, 7 1 , 05.

Silicon in eupellation, 508.

Silver, Absorption of oxygen by, 505.

amalgam, I’reparat/ion of, 179.

chloride, Reduction of, 452, 459, 460.
• - ~ S<‘))ai'ation of gold from, 452, 459.

... compounds, (lissoh'(‘d liy cyanide, 329.

I

dissolved by eyanid<*, 326.

by (‘lectfolysis, 4f54, 467.

—

by nitric acid, 438.
“ - by sulphuric acid, 440.— for gold bullion assay, 527, 541

vSiIv<‘r-g<)i(l alloys, 47.

i

— attack i)y chlorine on, 305, 313.

i

- - - by acids on, 49.

—

l)(‘nsity of, 11).

Silvaa* in chlorination ()roceHH, 305, 3J3.

in cornets, 541.

in cyankk^ (iroecss, 329.

• in gold (foins, 35. 19, 450.

in nativa^ gold, H L
in gold, I )(44‘rminn4ion of, 546.

Silver, nativtg (h>ld in, 84.

I SilvMW nitrate, Elecjlrolytiii nebning in, 464,
464;.

Silva^rores, f^yaniding of, 329.

( k>ld in, 75.

Silv{‘r-()laled anuil'.'auialed plates, IHf).

Silvan* ndained by pa,rf(*d v<4<l, 512, 541.

Silvcn* Hul{»liate, Gi’yHi.nllisnti<m of, 4 16, 448.
! r<Mluct‘d by chnr<uad, 44f).

; riulucc'd l)y copptu*, 443. 4 19.

i redmanl by ierrous sulphate, 446,

;

Solubilily nf, 442.

Simmer l)ei‘p .battery, 160, ITtJ.

Simon, A. L., 95.

Simomis, E. II.,

Simpkin, W., 275.

'Siinps<m, E., 82.

Simpson, .1. W., 321,

Simpson, W. E.. 231, 279, 291, 297.

I

Site for mill, 17(5.

Sizing on*, 255,

Sk<«‘t, .ov: BIa«*k.

Sluy, W., 9(>, 207, 325, 5 1 8.

Slag, in ont aH.say, 495, -199.

—

•
( ’Ii’uning; of, 500, .516,

Slime, Agitation of, witl< cyanide, 359.

ea!«*s, Formation of, 35f>.

Glarifying .Hiilution from, 378, 108,

Gomunitmtiou of, 268,

Gynnkling of, 356.

Deiinition of, 239, 356.

Filtration of, 367.
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Slime, Gold-zinc, see Gold- zinc sliinc.

in cyanide process, 346, 356.—— in leaching, 346,—— presses, 371.

Separation of, from sand, see Classifica-

tion.

Settlement of, 358.

Sun drying of, 346.

thickeners, 360.

treatment by agitation, 359, 393.
by counter- current decantation,

359, 416, 417.
by decantation method, 356.
by filter pressing, 371, 393.
by vacuum filtration,367,392,394.

Sloi^e of plates, etc., see Grade.
Sluice, 107, 120, 124, 137.

Ground, 110.

plates, Amalgamated, 181.

Siberian, 124.

Sluice-boxes, 137.

Grade of, 108, 125, 139.

in dredging, 114, 120.

Pavements for, 137.

Sliiices, 137, 141.

Riffled, 262.

Sluicing, 107, 137.— Use of mercury in, see Mercury.
Small, cited, 308.

Smart; G. 0„ cited, 160, 162, 163, 167,

168, 171, 172. 174-176, 183-185,

193, 193-190, 198, 199, 202, 260.

Smeltimj ore, 38.

Smidth-Davidsen tube mill, 239,

Smith. E. A., 49, 75, 491, 493, 494, 500-

502, 509, 515, 519, 526, 528, 530,
550.

Smith, P. C., 82.

Smith, G. 0., 194.

Smith, J. P,, 120.

Smith, McF., 42,

Smith, R., 75.

Smith, S. W., 507, 517, 521, 545.

Smyth, H. L., 81.

Snake River, 'Dredging on, 120.

Snyder sampler, 472.

Soda, Caustic, in cyanidiug, 334.
• see Sodium carbonate.

Sodium amalgam, 21, 191, 204.

Sodium aiirichlorido for toning, 06.

Sodium bisulphatc. Treatment of gold-zinc

slime with, 388, 408.

Sodium carbonate in ore assaying. 497.— Sc])aration of gold from silver

chloride by, 452, 459.

Sodium chloiido, see Salt.

Sodium cyanide, 322.

Sodium dioxide in cyanide process,’ 324.

Sodium tliiocyanate as solvent for gold,

343.

Sodium thiosulphate as solvent for gold, 70.

Soot,beer, A., 556, 562.

Soft ores, Orushina of, 220.

Sohnlcin, M.'. G. K 228.

Solidus curve of alloys, 24.

Solubility of gold, 18, 22, 23, 70, 80.

in cyanide, 323.
^ in mercury, 40.

in nitric acid, 467.

of sulphates, 442, 443, 446.

of various metals in cyanide, 327.

Solution of gold, see Solubility.

Solutions, Assay of, 521.

Solution theory of origin of gold in placers,

96.

Solvents for gold, 18, 22, 70, 80.

Sonnenschein, F. L.
, 40.

Sonstadt, R., 63, 76.

Sorting ore, 401.

Sosman, R. B., 4.

South America, Gold in, 86, 560.

Exports of gold to, 563.

Souza, E. de, 42.

Sovereign, Australian, 450.

Sovereigns containing silver, 450.

Spanish Mine, Huntington mill at, 220,

Speak, S. J., 232.

Specific gravity of gold, 4.

of gold-copper alloys, 34, 35.

of gold-silver alloys, 49.

Specific heat of gold, 4.

magnetism of gold, 5.

Spectroscope, Assay by, 555.

Spectrum of gold, 5.

Speiss in assaying ores, 499.

Spencer, L. J., sk
Spider in Pachuca tank, 364.

SpiUer, 20.

Spirting of lead in cupellation, 506.

in SGorification, 516.

Spitting of silver in cupellation, 505.

Spitzkasten, 256.

Definition of, 258.

Bpitzlutten, 256.

Definition of, 258.

Sirlash-box in stamp battery, 162.

Split shovel, 493.

Sirring, W., 20.

Spring stamps, 213.

Sprouting, see Spitting.

Spuds to anchor dredges, 115, 118.

Spurr, J. E., 75, 78, 94.

Stadler, H., 218, 232.

Stam]) battery, 150, 159.

Amalgamation in, 179.

iincient, 150, 154,

Arrangement of, 176.

— Cleaning-up in, 193,

Crushing in, see Crushing ore.

Cyanide solution used in, 397.

Feeding, 173.

for gravel, 140.

Foundations of, 160.

Framework of, 160.

Guides in, 166.

Guide timbers in, 168.

History of, 150.
^— I,Qsg of mercury in, 202, 203.

Sampling in, 176.

Screens of, 171.
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Stamp battery, Site for, 170.

Splash-box in, 103.

"treating gi'avel in, 140,

Treating ore in, 154.

Water sii])ply of, 175.

Stamp milling, Discussion of, 209.

on Band, 403.

Stamjjs, Ball, 213.

Californian, 159.

compared with rolls, 270.

Dry crushing by, 273.
- Duty of, 209, 403.

Dlephant, 213.

I%11 of, 109, 173.
—— German, 1154

.

- Gravity, 159.

-

Weight of parts of, 168.

Head and shoe of. I (>7.

-Holman, 21.5.

- Husband, 213.

-

in Rboilesia, 218.

Lift of, 109.

-

- Morisoii, 213.- ~ Nissen, 215.

Nordberg, 213.
- Niimher in nunlar, 173, 215.

Order of fall uf, 173.

—-— Phoenix, 213.

-

Pnournaiic, 213.

Single, 217.
• Special forms of, 213.

S}.)ring, 213.

-

— Steam, 213.

-

Storns of, 100.

Tremain, 2M.
^ Weight of parts of, 108, 215, 210.

Wet crushing by, It59.

Standard gold of various c^ountries, 3,3.

"-™— tube mill, 237,

Stanfield, m'< f tarkstm.

Stanley classifier, 255.

Stannous cdilorPh^, Ih'ecipitation of gold by.

521.

Stanolc, KKI.

Stark process, 341.

Stassfui t Hail , Gold iin 77,

Sialidas of g<d(l pnalmrliou, 550.

m Africa, 501.

in Ausl ralta, 5(»h

in Hiltish Knipire, 558, 559.
- in tlnit(‘d States, 5()l.

in varioUH eountiies, 5(59, 501.

in world, 557, .558, 509, 501.

Steaming amalgamated plates, I9S.

Steam stanrps, 213.

vSteinmann, A., 559.

StoD.nm’, A., 03.

Stem of st.am}\ 10e>,

Stetehddi, A., 79, 229, 2s9, 299, 517.

Stetefeldt drying kiln, 273.
' furnaetg 291,

g, W., 71.

Stewart. J. B., 399.

Stibnito, Gold in, 79.

Stibnito iti cyanide proca^sn, 395.

Stock of gold in woild, 503.

Stokes, H. N., 19, 29.

Stone breakers, vee Hock breakers.

Stratton’s IndeixMidence, Crushing at, 252,

(.'ya aiding a( , 395.

Streaming-down box, 121.

Strength of cyanide solution in practice,

354, 357.

Testing of, 344.

Strong solutions in cyaniding, 353.

Sublimation in origin of gold ores, 9li.

Suction ]mm])s in ditHlging, 113.

Sudan, Gold in, I.

Snlman, H. L., 95, 325, 381, 390,397,432 509.

-"Teed process, 324.

Sulphate of copp<‘r, .sec (JofgK.'r sulphate.

I

of iron, Pmaous sulphat(\
I — of silver, Heduct ion of, 443, 440, 4 t9.

[

Sulphates in cldoi ination, 305.

I Snlphatc^M, Soluhility of, 442, 443, 440.

I
Sulphide of gold, 72, 180.

I of iron, .vcc Pyril.<^

- of silv(‘r, .sv'c Silver sulphide.

Sulphides, Alkalim^, ass<4v(‘iit. ol’gr'Id, 20, 80.

in Jimalgainal ion, 207, 2('S.

- in, chlorination, 395.
' in cyaniding, 329, 332, 330, .337.

I

of gold, 72, 89.

I

- - ’ Precipital ion of gold hy, 95.

!

- Uoasting of, 282, 284.

I

-— - in assayini' uies, 499.

I

vSidtiement in waUu' of, 20(5.

!
- Solubkg in eyuiuding, 330, 337.

I

W(‘ai liming of, 332.

i
Sulphile.s of geki, 09.

' Stilphocyanide.H, Poismiing by, 315.

Sulubilily of gol<l in, 313.

Snlplm lellurule oich, ('yaniding of„ 393.

Sulphur dioxide^ ns pieeipiinnt for geld^ 09,

(55, 54 4.

Sulphur, Hitining bullion with, 432, 43(5,

Sulphur remaining in ore afl(‘r toasUne, 28,3,

39(5.

Sulphuntti'd hydroinm as preejpitaut. of

gohl, 72. 314.

Sulphurie aeiil, Aetion ol, on meials. 112,

Sulfdiurh' acid jfi as.sji v of bullion, 5{0.
- in elilorinal am proe<*ss, 3(H5, 399,

311,312.
in (\yainde pioeesig 387. 3f?0, ,397,

' BeOniim void wit li, 439.

Cost, of, 44 1.

’rreatmeni of ‘•old-/.ifie i.lime

W'itli, 387.

,
Stdphuroii:: ;mid, H':( imation (4’ gold wilh.OO.

PrecipilatidO (4 <'«4d wit h, (59, 05,,

544.

UHi*d (o deslroy (4ilorine, 314.

Sinnp.H in <\yjini<le proeess, 351.

Surcharge hi bullion aMsay, oils, 517.

Sutherhuid, 232,

Svedbmg, 71.

,

Sweating anuilgnmnletl plate;;, lf(H.

I

Swee^ji, Mint, As.say of, 521.

I

— ... .. I’rtnitment of, 435.
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Sweet roasting, 2SJ,

Sweetening parted gold, 438, 442.
Swinging amalgamated plates, 207.
Swinney, L. A. E., 391.
Sydney Mint, Chlorine refining at, 450, 452.
Syenite, Gold ill, 6.

Sylvanite, 82.

Tables, Amalgamated, see Amalgamated
jdates.

Concentrating, 264.

Copper, see Amalgamated plates.

Taggert, A. E., 232.

Tailing, Discharge of, from stamp mill, 178.

Disposal of, in cyanide process, 355.

—

in dredging, 121
—I in hydraulic mining, 140.

in sluicing, 110, 140.—— Examination of, 206.

Tail race, 110.

sluices, 111.

Tammann, G., 36, 40.

Tappet of stamp, 165.

Tavener i)roces3, 391.

Taylor, T. W., 123.

W. W., 491.

Tays, E. A., 221.

Teed, see Sulman-Teed.
Telluride ores. Assay of, 502, 517, 519.

Sainjfiing of, 492.

Tollurides in cyanide process, 328, 393.— of gold, 50, 81, 91.

—

Analyses of, 51, 82, 83.

Jloasting of, 286.

see Sulpho >tellundes.

'j’ellurium, Effect of, on volatilisation of

gold, 10.

Tellurium-gold alloys, 27, 50.

—

Assay of, 553.

’'i'clluriiiin in cu|:)ellation, 507, 508, 547.

in cyanide procr'ss, 328.

^IVimpcrevtui’e, Ell'ectof, in amalgamation. 185.— in cyanide process, 22, 327,

338, 339, 358.— in dissolution of gold, 18,

If), 20, 22.— — in roasting, 285-287,

9'(‘inperature of cupellation, 505, 534.— Efi’ect of, on loss of gold,

519, 540.

4'enaeity of gold, 3.

^rimsile strength of gold, 4.

d’eutiary goI<I deposifs, 00.

OVsting of cyanide solutions, 344.

0\‘xt)le industry, Use of gold in, 7.1.

Thallium-gold alloys, 51,

• in cupellation, 508.

dlieoiihiluH, 140, 430.

I’hcophrastus, 14.5.

'Tlx'ory of liihe mills, 242.

Thermal (N|uilihrium ol, alloys, 24.

'ThermoclHunical data, 59.
'

Tluckencrs, 300.

d'lues, A., 311.

Thies process, 311.

Thiocarbamicle as solvent for gold, 21.

Thiocyanates, see Siilphocyanides.

as solvents for gold, 20.

Thiosulphates, antidote for cyanide poison-

ing, 345,

as sohents for gold, 20.

Thiosulphate of gold, 70.

Thomae, W. .F. A., 199.

Thomas and Maualister, 94.

Thomas, J. E., 2.36, 260, 353, 354, 380, 388..

Thomas's trommel, 380.

Thompson, J. F., 550.

Thompson, L., 450.

Thomsen, J., 21, 59.

Thorpe, T. K., 71, 73, 74.

Thread, Zinc, 375.

Thum system of silver cells in electrolytic

refininer, 468.

Tibbals, 0. A^, 50.

Tilting furnace, Fusion of gold jirecipitate

in, 390.

Till, alloys, Scorification of, 548.

Tin-gold alloys, 25, 53.

Tin in cupellation, 507, 508.

Tina system of amalgamation, 146.

Tindall, W. F., 502, 517.

Tintin process, 146.

Todd zinc dust feeder, 383.

Toning in photography, 66, 71.

Tonopah, ( hanirlc process at, 327, 365, 391..

Toombs, 0., 523.

Topley, W., 78.

Touchstone, Assay by, 554.

Toughening bullion, 428.

Transvaal, see Rand.
Transylvania, Gold in, 77.

Trapiche, 146.

Traps, Mercury, 187, 190.

Tremaiii stamp, 214.

Trent vat, 364.

Trewartha-James, W. H., 233, 238.

Tribromide of gold, see Auric bromide.

Trichloride of gold, see Auric chloride.

Trommel, 255.

in dredging, 114, 117, 120.

used in Siberian placers, 124, 125.

Trough, Prospecting, 102.

Siberian, 104.

Tsehermak, O., 20.

Tube mill, 232.

Capacity of, 237.

Clean-up of, 196.

Conical, 243.

Correct feed for, 243.

Dry crushing in, 239.— Feeding, 236.

Invention of, 232.— Lining, 233, 245.— Moisture in, 239, 243.

- on Rand, 404.

Output of, 238.

pebbles, 236, 238.

Power for, 237.

Short, 248, 404.






